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Chapter-I 
CHAPTER-! 
INTRODUCTION 
1.1 GENERAL ACCOUNT 
Grain legumes, commonly known as pulses, form an integral part of the 
vegetarian diet in the Indian sub-continent. Besides being a rich source of 
protein, they maintain soil fertility through biological nitrogen fixation by 
bacteria prevalent in their root nodules and also conserve and improve physical 
properties of soil by virtue of their deep and well spread root system. Pulses are 
also used as green fodder for animals. 
Our country can take a rightful pride in attaining self sufficiency in the 
production of food grains but it has miserably failed in case of pulses for which 
we are even today dependent on import to a large extent. The food grains 
production has crossed 200 million tonnes mark, yet crop imbalances are still 
there. This is because certain crops like pulses have not experienced the impact 
of green revolution. Pulses occupy a large part of the area (22.43 million 
hectares) under cultivation in India but their production is low. The production 
was lower at 13.11 million tonnes in 2006 as against the production of 14.94 
million tonnes in 2004 (Table 1, Graph 1). The availability of pulses in the 
international market is limited. A solution to the problem of the declining per 
capita availability has, therefore, to come from a rapid improvement in 
indigenous production lines. 
Table 1: Area, production and yield of total pulses in India (2003-2006). 
Year 
2003 
2004 
2005 
2006 
Area 
(million hectare) 
20.50 
23.44 
22.47 
22.43 
Production 
(million tonnes) 
11.12 
14.94 
13.38 
13.11 
Yield 
(Kg/hectare) 
543 
637 
595 
585 
Source: Division of crop improvement, Indian Institute of Pulses Research, 
Kanpur, India. 
Indian population is growing at a rapid rate, and hence the stagnation in 
pulse production has met a severe decline in the per capita pulse availability, a 
matter of serious concern in a country where pulses are the major source of 
protein for most of the people. The non-availabilily of high yielding variclies is 
a major constraint in achieving higher productivity of pulses. Non-synchronous 
maturity, long duration and flower drop are other problems associated with the 
varieties of major pulses. 
Chickpea or Bengal gram {Cicer arietinum L.) is an important pulse 
crop and ranks second in area and third in production among the pulses in the 
world. It is cultivated from Mediterranean region to the Indian sub-continent, 
the west Asian and north African region and eastern African highlands. 
However, it is in the Indian sub-continent that the crop holds the prime position 
because bulk of population sustains chiefly on vegetarian diet. Chickpea is a 
rich source of protein, having crude protein that ranges between 12.6% and 
30.5% (Singh, 1985). India is a premier chickpea growing country in the world 
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and ranks first in area (8.69 million hectare) and production (6.97 million 
tones) (All and Kumar, 2000). Besides being cheap and rich source of dietary 
protein and a valuable animal feed, it also improves and restores soil fertility. 
In spite of these virtues, there is only a marginal increase in its productivity 
over the years. Genetic variability is immensely valuable to chickpea breeders 
for its improvement. Owing to rapid agro-ecological changes taking place all 
over the world, many species, old and premitive cultivars, land races and their 
wild relatives, endowed with superior gene complexes are being rapidly 
eroded. It is feared that many of these diverse forms may become extinct in due 
course if corrective steps are not undertaken immediately. Therefore, concerted 
efforts are required both at national and international levels to collect, 
consolidate and conserve valuable resources of chickpea germplasm. 
1.2 ECONOMIC IMPORTANCE 
Chickpea is consumed as a dry pulse after cooking, germinating, 
soaking or fermenting or as a green vegetable with the former being most 
common way of consumption. Chickpea grains provide about 18-22% protein, 
4-10% fat and 52-70% carbohydrate and traditionally consumed after 
processing into various products. Milling into dhal, puffing or roasting into 
snack foods, grinding into flour for different food preparations are some of the 
primary processes to which chickpea is subjected to. In spite of being major 
pulse crop in the country, it is rarely used as a dhal. In fact, bulk of chickpea is 
used for preparation of various sweets and spicy dishes where either tne split 
grains or flour (besan) are used. In advanced countries, the grains are sold in 
markets dry or canned for common use in soups, vegetable combinations or as 
a component of fresh salads. Chickpea also forms a good source of live stock 
feed. The increased chickpea production necessitates better post harvest losses 
and value addition in the form of finished products to increase farmer's 
income. 
1.3 AREA, PRODUCTION AND YIELD 
In India chickpea was grown over an area of 7.10 million hectares with 
production of 5.77 million tones in 2004 (Table 2, Graph 2). The average yield 
of 810 kg/ha is low and is not sufficient to meet the growing demand. 
Moreover, the prevailing food habit of Indians makes chickpea an inseparable 
ingredient of diet. Increasing the production is thus a big challenge for the 
Indian agriculture. 
Table 2; Area, production and yield of chickpea in India (1999-2004). 
Year 
1999 
2000 
2001 
2002 
2003 
2004 
Source: FAG stati: 
Area 
(million 
hectares) 
8.46 
6.14 
5.18 
6.41 
5.90 
7.10 
5tical division availa 
Production 
(million tonnes) 
6.80 
5.12 
3.85 
5.47 
4.13 
5.77 
Die at FAQSTAT@1): 
Yield 
(kg/ha) 
800 
830 
740 
850 
700 
810 
io.org. 
1.4 CHROMOSOME NUMBER 
The chromosome number in chickpea and m several other species of 
Cicer is known to be 2n=16 (Ladizinsky and Adier, 1976; Sing et al., 1984; 
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Gupta and Sharma, 1991). However, there are also reports of 2n=14 (Vander 
Maesen, 1972) but such plants with 2n=14 are rare and may not be able to 
maintain themselves in nature. 
1.5 BOTANICAL DESCRIPTION 
Cicer anetinum L. belongs to the family Papilionaceae (Fabaceae). It is 
a herbaceous, annual, branching from the base, mostly erect with a few diffuse 
spreading branches. All parts of the plant are covered with viscid glandular 
hairs; stem is generally greyish in appearance; leaves are pinnately compound 
with small leaflets, hairy and serrated. Flowers are axillary, solitary with 
pedicels jointed; the colour of flower varies from white, greenish white or pink 
and is papilionaceous; stamens show diadelphous (9) +1 condition; ovary is 
superior with one or two ovules. Fruit is a turgid pod, normally containing one 
or two seeds; seeds vary in size and shape, their colour ranging from white, 
light fawn, orange, yellowish brown, dark brown, or brown with little bluish 
tinge; the seed coat may be smooth or puckered and wrinkled or roughly 
granulate or tuberculate; cotyledons are thick and yellowish. 
Floral Formula: (Br, %, +, K(5), C2+2+1, A(9)+i, GO 
1.6 MUTAGENESIS AS A MEANS IN THE CROP IMPROVEMENT 
Mutagenesis, a key area of genetical research occupies prime position in 
biological researches from viruses to the plants, animals and humans in every 
country not only because of the understanding of the mechanism of mutation 
and the factors (interna! or external) that has helped to elucidate the basic 
aspects of life phenomenon but also because it has profitably been utilized in 
raising a large number of economically superior and desirable genotypes of 
crop plants. 
The application of mutagenesis in agriculture for improving the crop 
plants presented a new departure from the conventional breeding methods, the 
store of natural variability present either in the base population initially or 
introduced through hybridizations is subjected to recombination and selection 
so as to increase the frequency of favourable combinations of genes in the 
selected line. Mutation breeding helps in inducing greater magnitude of 
variability in various plant traits in a comparatively shorter time. Only through 
a careful screening and selection programme the magnitude of genetic 
variability induced by physical and/ or chemical mutagens could be exploited 
for obtaining the desirable lines. It has been broadly estimated that in higher 
forms of life, only 10% of the DNA carry the active genes, the remaining 90% 
of the genome is useless but could be considered as a reserve genetic material 
to be utilized as and when required for active sites, such a conversion could 
occur through mutations. Mutations provide an opportunity to create hitherto 
unknown alleles so that the plant breeders do not remain handicapped because 
of limited allelic variation at one or more gene loci of interest. Fried (1969) 
concluded that for increasing food production in the world, induced 
mutagenesis is important in creating variability in the breeding population to 
improve yield, earliness, disease resistance, lodging resistance etc. Gottschalk 
(1996) stated that mutation breeding is a well functioning branch of plant 
breeding that can supplement the conventional methods in a favourable 
manner. The significance of induced mutation is well documented from 
numerous reports. More than 2000 varieties (about 2252) developed through 
mutation breeding have been released for cultivation in different countries of 
the world (lAEA/FAO, 2000). 
In chickpea, induced mutagenesis has been uttcmplcci by several 
workers both from the viewpoint of academic interest and with an applied 
objective (Nerker and Mote, 1978; Kharkwal, 1979; Bhatnagar et al, 1979; 
Farooq and Nizam 1979b; Kalia et al, 1981; Singh, 1988; Atta et al, 2003). 
Despite the release of different cultivars, chickpea production has not increased 
to any noticeable extent over the last 2-3 decades. This situation is very 
disappointing considering the ever increasing human population particularly in 
the developing countries that has lead to a sharp reduction in the per capita 
availability of proteins. Therefore, there is an urgent need to strengthen the 
efforts aiming further to improve the quality and quantity of food legumes 
especially chickpea. 
1.7 OBJECTIVES 
The conventional approaches of plant breeding have exploited the 
available genetic variability in chickpea. As a result of the use of these 
conventional approaches for the longer period, there has been significant 
decline in genetic variability which has lead to a narrow genetic base of this 
crop. Unlike in cereals, the reports on induced mutagenesis in chickpea are not 
very extensive. The information on relative specificity and recovery of 
mutations is a pre-requisite for practical mutation breeding. Mutagens have 
remarkable possibility of improving plants with regard to their qualitative and 
quantitative characters. In the present studies, attempts have been made to 
explore the possibilities of inducing alterations in the genotype to enhance 
genetic variability and increase the yield potential of chickpea through the use 
of physical and chemical mutagens separately. 
Following are the aspects during the course of present study: 
1. To study the effect of different mutagenic treatments on various 
biological parameters in M] generation. 
2. To investigate the meiotic behaviour of chromosomes after treatments 
with physical and chemical mutagens. 
3. To test the effectiveness of chemical and physical mutagens for the 
induction of quantitative variability in chickpea. 
4. To study the differential response of two varieties (GNG-469 and BG-
256) to various chemical and physical mutagens. 
Chapter-II 
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CHAPTER-II 
REVIEW OF LITERATURE 
2.1 SOME CONCEPTS IN INDUCED MUTAGENESIS 
The discovery of mutagenic role of ionizing radiations (Muller, 1927) 
and some chemicals (Auerback and Robson, 1942) initialed a Hurry of 
activities in this field. 
Scientists working on different facets of mutagenesis have since then 
been able to accomplish a significant break through in understanding the 
mechanism of mutagenesis and also its applied value for the benefit of 
mankind. 
Induced mutations are considered as an alternative to naturally occurring 
genetic variation that serves as the source of germplasm tor crop improvement 
programmes and also as an alternative to hybridization and recombination in 
plant breeding. Mutagens have remarkable potential of improving plants with 
regard to their qualitative and quantitative characters; and where appropriate 
selection has been applied, improvement in yield (Brock, 1965; Gregory, 
1968), adaptability (Gustaffson, 1965), maturity time (Brock, 1970) and 
numerous other traits (Sigurbjornson and Micke, 1969) have been reported. 
The extent to which induced mutations provide a useful alternative to the 
natural variation as a source of germplasm for the improvement of such traits is 
largely determined by the importance of linked groups of genes and the degree 
to which natural selection has build-up linked gene complexes of adaptive 
significance in the naturally occurring population (Brock, 1971). 
The generation of genetic variability through induced mutagenesis 
provides a base for strengthening plant improvement programmes. Various 
classes of chemical and physical mutagens differ in their efficiency in inducing 
mutations and spectrum of mutations induced. Ever since the discovery that 
mutations could be produced artificially, one of the aims of studies on 
mutations has been to find the treatment combinations of the mutagens that 
could induce higher magnitude of useful mutations. Combination of different 
mutagens, provided their mutation induction process is independent and 
capable of interaction should increase the mutation frequency and alter the 
mutation spectrum (Sharma, 1970). Some of the monofunctional alkylating 
agents, ethyl methane sulphonate (EMS) in particular, have been found more 
efficient in the induction of mutations than radiations. Certain genes are 
mutated by radiations and not by EMS (Favert, 1960) and the mutation 
spectrum induced by the radiations and chemical mutagens is different (Heiner 
et al, 1960; Ehrenberg et al. 1961). It was thought of interest to find the 
mutation frequencies when the physical and chemical mutagens were used in 
combination by many workers (Khalatkar and Bhatia, 1975; Gupta and 
Yashvir, 1975; Jayabalan and Rao, 1987a; Suganthi and Reddy, 1992). 
Alkylating agents are, by far, the most extensive and important groups 
of mutagens. These compounds bear one or more reactive alkyl groups capable 
of being transferred to other molecules at positions where the electron density 
10 
is sufficiently high. They cause alicylalion of phosphate groups of DNA as well 
as the bases, the most frequent event being the formation of 7-alkyl guanine. In 
practice, however, only a few of the mutagens belonging to the group of 
alkylating agents such as, ethyl methane sulphonate (EMS), methyl methane 
sulphonate (MMS), diethyl sulphate (dES), ethyl imine (EI) and N-nitroso-N-
methyl urea (MMU) have been reported to be most effective (Rapoport, 1962; 
Swaminathan, 1966; IAEA, 1970). 
Mutagens affect the metabolism of individuals and influence the activity 
or synthesis of enzymes and growth regulators (Khanna and Maherchandani, 
1980; Jain and Khanna, 1987). Such harmful effects of mutagens lead to 
various forms of physiological expression of damage such as, retarded plant 
growth, induction of mutations, sterility and death. Mutagen induced 
biochemical and physiological changes during seed germination have been 
reported in rice (Inone et al, 1975) and cowpea (Khanna, 1988, 1991). 
Radiations have been found to produce genetic changes such as mutations, 
chromosomal rearrangements and disturbances in the cell division (Khanna and 
Maherchandani, 1981; Khanna, 1986; Singh and Khanna, 1988). Low doses of 
radiations have been found to have a stimulatory effect in different crops 
(Sparrow, 1966; Khanna 1988). 
For combined treatments of gamma radiations and chemical mutagens 
on seeds, the mutagenic effects were reported to be synergistic when radiation 
was given first followed by chemical treatment (Nilan et al, 1962; Sharma, 
1970), when treatments were given in the reverse order, the mutagenic effects 
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were not synergistic (Sharma, 1970). Moiian Rao (1972) obtained synergistic 
effect for Mi seedling injury and mitotic anaphase fragment frequency, 
whereas, the effect was only additive for mitotic bridges and M2 chlorophyll 
mutations, Favert (1963) and Doll and Sandfer (1969) however, could not 
obtain any synergistic interaction between radiation and chemical mutagen 
treatments. In chickpea, intentional exposure of seeds to various mutagens has 
produced many new and desirable characteristics (Kalia et al, 1981; Haq et al, 
1989; Hassan and Khan, 1991). 
Our knowledge on the fundamental aspects of the mutational processes 
and the mechanism of action of various physical and chemical mutagens and 
their combinations has been fairly widened (Blixt and Gottschalk, 1975; 
Gottschalk, 1978a, 1978b; Gottschalk and Wolf, 1983; Sharma, 1985 and 
Khan, 1986). Though there are several unanswered questions regarding the 
classification and mechanism of actions of mutagens, yet a more 
comprehensive account of them was given by Sharma (1985). 
2.2 DOSE EFFECT/L.D.-50 
The dose required for high mutation efficiency of a physical or chemical 
mutagen depends on the properties of the mutagenic agents and of the 
biological system in question. In general, the dose effect of a physical or 
chemical mutagenic treatment comprises several parameters, of which, the 
most important are dose rate, concentration, duration of treatments, temperature 
and pH during treatments. 
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Lethal dose (LD-50) gives an idea about the appropriate dose of 
mutagen in an experiment on induced mutagenesis. In chickpea, Singh (1988a) 
reported LD-50 values for gamma rays at 460 GY (var. G 130) and 483 GY 
(var. H 208) and for EMS at 0.25% (var. G 130) and 0.2% (var. H 208). In both 
the varieties 0.4% EMS treatment was most lethal. Kharkwal (1981a) reported 
higher lethality in 0.2% EMS in comparison to 400 GY and 500 GY gamma 
rays. Higher LD-50 values for gamma rays in chickpea in comparison to other 
pulse crops such as 300 GY in black gram (Khan, 1988), 200 GY in lentil 
(Singh, 1983) and 100 GY in pea (Singh, 1988) indicate its greater resistance to 
the mutagen. Further, differences have been observed for LD-50 values in 
different chickpea varieties which is attributed to their differential radio-chemo 
sensitivity. A decline in the survival of a mutated population has been 
associated with an increase in the dose of mutagen (Farooq and Nizam, 1979a; 
Singh, 1988a), which may have resulted from cytogenetic damage and/or 
physiological disturbances as also reported earlier by Sato and Goul (1967). 
Both gamma rays and EMS were reported to have a dose related 
reduction in seed germination and pollen fertility (Nerker, 1970; Rao and 
Laxmi, 1980; Khanna and Maherchandani, 1981; Gautam et al., 1992). Dose 
linked effectiveness of EMS and gamma rays was noted in chickpea in terms of 
germination, reduction in pollen fertility, chlorophyll mutations and seedling 
height (Kharkwal, 1981a; Khanna, 1991; Cumber et al, 1965). Similar effects 
were also reported in peas (Salim et al. 1974), pearl millet (Singh et al, 1978), 
Vigna radiata (Singh and Chaturveidi, 1980), Lem cuUnaris (Sharma and 
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Shanna, 1981b), Arachis hypogaea (Venkatachalam and Jayabalan, 1995) and 
Nigella saliva (Mitra and Bhowmik, 1999). 
With a view to enhance the mutation rate and also to alter the spectrum 
of mutations, many variations in treatment methodology have been used by 
different workers. Treatments with chemical mutagens have been given to dry 
as well as soaked seeds, seedling at different developmental stages, different 
phases of cell cycle at variable temperature and ionic concentrations (Chopra 
and Pai, 1979). Ramanna and Natrajan (1965) studied the mutagenic efficiency 
of certain alkylating agents under different treatment conditions of temperature 
and hydrogen ion (pH) concentration in barley. They concluded that factors 
such as concentration and diffusion of the mutagen, rate of hydrolysis and the 
influence of alkylating and non-alkylating groups of the chemicals play a 
considerable role in determining the mutagenecity of a compound. 
2.3 MUTAGENIC SENSITIVITY 
It is well known that the same mutagen dose can cause different degrees 
of effect in different species. Varied mutagenic sensitivity in different 
genotypes was first reported by Gregory (1955) in groundnut and Lamprechet 
(1956) in peas. 
Prasad and Das (1980) studied the mutagenic sensitivity of gamma rays 
and methylmethane sulphonate (MMS) in different varieties of Lathyrus 
sativus L. and reported differential mutagenic response in terms of chlorophyll 
mutations. Similar varietal differences were recorded in the production of non-
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viable chlorophyll mutations in Nigella sativa (Mitra and Bhowmik, 1999) 
following gamma rays and EMS treatments. Sharma and Sharma (1981a) 
observed differential mutagenic response of gamma rays and NMU in 
microsperma and macrosperma lentils. They observed better viability of 
chlorophyll mutations like xantha and chlorina in the microsperma than in the 
macrosperma varieties. 
Venkatachalam and Jayabalan (1995) while using EMS, sodium azide 
and gamma rays found distinct varietal differences in groundnut (Arachis 
hypogaea). Distinct varietal response to NMU and gamma rays in Vigna 
radiata was observed by Singh and Chaturvedi (1980). Geetha and 
Vaidyanathan (1997) observed different phenotypic response of two soyabean 
cultivars to ethidium bromide and gamma rays. Differences in radio-sensitivity 
were also reported by Khan (1999) in blackgram, Nerker (1976) in Lathyrus 
sativus, and Anis et al (1999) in urd bean. Akbar et al (1976) concluded that 
differences in radio-sensitivity may be due to differences in their recovery 
process involving enzyme activity. In chickpea, Kharkwal (1998b) reported 
that varieties of desi type were more resistant towards mutagenic treatments 
than Kabuli and green seeded types. 
Mutagenic response to cytological aberrations has been reported by 
many workers (Rao and Laxmi, 1980; Suganthi and Reddy, 1992). Mitra and 
Bhowmik (1996) did not observe varietal differences with regard to mitotic 
index as well as meiotic abnormalities in Nigella sativa L. Both the cultivars of 
Nigella sativa were found equally radiosensitive. Ahmad (1978) and Ahmad 
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and Godward (1981) reported radio sensitivity in nine eultivars of chickpea. 
Out of these, two eultivars CSIMF and FIO were identified as the most radio-
resistant and radio sensitive respectively. Kharkwal (1981a) reported 
mutagenic sensitivity in four varieties of chickpea on the basis of total 
germination rate, seedling damage, pollen sterility and plant survival. 
In general, the varieties with a large assortment of recessive alleles 
governing trait(s) show greater sensitivity and frequency of M2 mutants than 
varieties having more dominant alleles governing a trait (Gelin et al. 1958). 
The mechanism controlling sensitivity to chemical mutagens and X-rays have 
been reported to be different from those determining sensitivity to gamma rays 
(Sokolov and Balchunene, 1977). 
2.4 BIOLOGICAL DAMAGE 
There are many reports to demonstrate the effect of physical and 
chemical mutagens and their combination treatments on different biological 
parameters such as germination, survival, injury, sterility etc. (Bhatacharjee at 
al. 1998; Khan, 1999; Mitra and Bhowmik, 1999; Sareen and Kaul, 1999). 
Reduction in seedling height following treatments with gamma rays and EMS 
was observed in barley (Sharma, 1970). Gupta and Yashvir (1975) reported a 
radio protective effect of EMS in Abelmoschus escuknlus. The combined 
treatments of gamma rays and EMS showed higher germination percentages 
than the corresponding EMS treatment. Choudhary (1983) repcrted a 
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symmetric reduction in germination in different varieties of wiieat with iiigher 
doses of gamma rays. 
Khalatkar and Bhatia (1975) studied the effect of gamma radiation, EMS 
and their combinations on Mi parameters in barley. Seedling injury, 
chromosomal aberrations, pollen and seed sterility were found less in combined 
treatments than in the separate treatments. Gamma rays were reported to inhibit 
the uptake of EMS due to the generalized action of radiation on metabolic 
processes in the cell. Singh and Chaturvedi (1980) reported mutagen induced 
damage such as plant injury and lethality in the Mi generation arising due to 
physiological, chromosomal and factor mutations. 
Gautam et al. (1992) observed a direct relationship of pollen and ovule 
sterility with gamma rays and EMS doses in Vigna mungo, the maximum 
occurring at higher doses. Sharma (1972) obtained synergistic effects for seed 
sterility in combined treatments of gamma rays and EMS. Increase in pollen 
sterility and decrease in seed germination with increasing doses of gamma rays 
in Capsicum annum was reported by Rao and Laxmi (1980). 
Based on plant survival and sterility, the mutation rate of NMU was 
found to be 1.5-2.0 times higher than gamma rays (Sharma and Sharma, 
1981a) in microsperma and macrosperma lentil. Rapopart (1966) has called the 
mutagens belonging to the nitroso group as super mutagens in view of their 
higher mutagenic effects. Mutagenic efficiency based on injury and lethality 
was found higher in combined treatments of gamma rays and NMU than their 
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respective individual treatments (Dixit and Dubey, 1986). Combined treatments 
also showed greater reduction in seedling survival than the individual 
treatments. 
Bhatnagar (1984) reported the adverse effects of combined treatments 
on germination and survival of plants in chickpea. The pollen sterility increased 
in combined treatments indicating the additive or synergistic effect. Reduction 
in seed germination with the mcrease in dose of gamma rays in chickpea was 
reported by Kharma (1981, 1991). The EMS treatment was found to cause 
higher sterility than gamma rays in chickpea (Kharkwal, 1981b). 
2.5 INDUCTION OF CYTOLOGICAL ABERIUTIONS 
Estimation of cytological abnormalities and their magnitude during 
mitosis or meiosis is most important index for evaluating the effect of a 
mutagen. It also provides considerable clue to assess radio sensitivity of plants 
to both physical and chemical mutagens. Mutagen induced cliromosomal 
aberrations have been reported by many workers in different plants such as in 
Pea (Kallo, 1972), triticale (Pushpalatha et al., 1992), lentil (Reddy and 
Annadurai, 1992), fenugreek (Anis and Wani, 1997) Capsicum annum (Anis et 
al. 2000) and chickpea (Ganai, el al., 2005). Most of these workers observed 
dose dependent increase in the frequency of chromosomal abnormalities with 
respect to mutagenic treatments. 
Laxmi et al. (1975) reported different meiotic abnormalities like 
cliromatin bridges, laggards, fragments, cytomixis, tripolar division, inversion. 
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micronuclei and unequal separation of chromosomes in pearl millet following 
treatments with gamma rays and EMS. Lagging chromosomes and unequal 
separation of chromosomes were more frequent than other anomalies. They 
further reported that gamma rays were more effective t^han EMS or 
combination treatments in inducing chromosomal anomalies. Increase in the 
frequency of meiolic anomalies with the increase in close and dunilion of 
mutagens was reported by Suganthi and Reddy (1992). Gamma rays induced 
meiotic aberrations have also been reported in chickpea (Ahmed, 1993). The 
meiotic aberrations increased with increase in dose of gamma rays. 
Subhash and Nizam (1977) reported that increasing dose of X-rays 
resulted into the formation of increased number of multivalents, fragments, 
bridges and micronuclei in Capsicum annuum. Katiyar (1978) has reported 
chromosomal aberrations like stickiness, aUered association, breakage, bridges, 
laggards and abnormal microspores after gamma irradiation in chilli. Pollen 
sterility increased with the increase in dose of gamma rays and abnormalities 
were comparatively more in Mj than in M2 generation. Similar results were 
also reported by many workers (Rao and Laxmi, 1980; Tarar and Dnyansagar, 
1980; Subhash and Venkatrajam, 1983). 
Katiyar (1978) investigated the Capsicum annum L. plants grown from 
gamma irradiated and control seeds for meiotic aberrations and pollen sterility 
in Ml and M2 generations. Chromosomal aberrations included stickiness, 
altered association, breakage, bridges, unequal segregation, laggards and 
abnormal microspores and their frequencies were dose-dependent. Pollen 
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stcrilily showed dose dependent increase. The percentage of chromosomal 
aberrations were more in Mi than M2, which could be due to the operation of 
recovery mechanisms or elimination of damaged chromosomes in the 
intervening period. 
Soodan and Wafai (1987) detected the cytomixis in some individuals of 
{Prunus amygdalus Batsch) and Peach {Prunns persica Batsch), others growing 
in their neighbourhood and undergoing meiosis almost simultaneously did not 
exhibit the anomaly. This indicates involvement of specific genes which 
express only under particular environmental conditions. The fact that all pollen 
mother cells present inside the microsporangium are not involved in cytomixis 
indicates that they either vary in their cytomictic potential or fail to get exposed 
to the specific conditions required to trigger the process. 
Kumar and Sharma (2002) observed cytomixis at different stages of 
meiosis in Cicer ahetinum L. treated with three different concentrations viz., 
0.2%, 0.4% and 0.6% of sodium azide. It has been observed at different stages 
of meiosis and may occur between two or more pollen mother cells and caused 
various types of irregularities in meiosis resulting into hypo or hyperploid 
gametes which ma)' be the cause for the origin of aneuploidy or polyploidy. 
Sharma et al. (2004) studied the effect of different doses of gamma rays 
and ethyl methane sulphonate on meiotic behaviour of chickpea. A dose 
dependent increase in meiotic irregularities and sterility was observed at all the 
individual and combined dose treatments; however, combined treatments 
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proved to be more efficient. Radiation induced sterility was attributed to cryptic 
deletions and specific gene mutations, while the sterility caused by EMS and 
combined treatments could be attributed to chromosomal aberrations. 
Ganai et al (2005) carried out the meiotic studies in two varieties of 
Cicer arietimm L. viz., var. GNG-469 and var. BG-372 with different 
concentrations of MMS. Different types of meiotic abnormalities such as 
stickiness, univalents, multivalents, laggards, bridges, unequal separation, 
cytomixis and micronuclei were recorded at metaphase, anaphase and telophase 
stages. The meiotic aberrations in both the varieties were dose dependent, 
however, var. BG-272 showed more chromosomal aberrations as compared to 
var. GNG-469 at the same treatment. 
2.6 MUTAGENIC EFFECTIVENESS AND EFFICIENCY 
The usefulness of any mutagen in plant breeding depends not only on its 
effectiveness but also upon its efficiency. Mutagenic effectiveness is a measure 
of frequency of mutations induced by unit mutagen dose, whereas, mutagenic 
efficiency is the measure of proportion of mutations in relation to undesirable 
changes like lethality, injury, sterility, mitotic and meiotic chromosomal 
aberrations etc. Synergistic as well as antagonistic elTccls may occur when 
various physical and chemical mutagens are used in combination. 
Effectiveness and efficiency of different mutagens vary distinctly. 
Ethylene imine has been reported to be more effective and efficient than 
gamma rays (Blixt, 1964). Higher mutagenic effectiveness of MMS was 
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recorded in rice (Rao and Rao, 1983), whereas, gamma rays were found to be 
more efficient than EMS in chilli (Rao et al, 1991). Dixit and Dubey (1986) 
observed that NMU treatment was 2-5 times more efficient in comparison to 
gamma rays, whereas combined treatments showed a higher efficiency than 
respective individual treatments. Higher efficiency of combination treatments 
has also been reported in barley (Khalatkar and Bhatia, 1975). Khan (1999) 
studied the effectiveness and efficiency of EMS, gamma rays and their 
combination in black gram. Lower doses of mutagens were found more 
effective, while gamma rays treatments were more efficient than EMS and 
combined treatments in producing chlorophyll mutations. Lower doses of 
physical and chemical mutagens and their com.binations were found more 
effective and efficient by many workers (Prasad, 1972; Sharma and Sharma, 
1981a). Chemical mutagens have been reported to be more effective in causing 
mutations as compared to gamma rays and combined treatments by many 
workers (Swaminathan et al 1962, Solanki, 1991 and Bhattacharjee et al., 
1998). Jagtap and Das (1976) studied the effectiveness and efficiency of four 
non-functional alkylating agents (EMS, dES, MES and EI) in barley. dES was 
found more efficient than EMS, MES and EI in relation to lethality only, 
whereas, MES was the most efficient in relation to sterility as well as in 
producing high frequency of mutants per mutation. On the other hand, the 
factor of effectiveness i.e., mutations per 100 treated seeds was highest in 
ethylene imine. It has been reported that among the monofunctional mutagens, 
methylating agents are more toxic and thus, need to be used only at lower 
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concentrations (IAEA, 1970) as against ethyluting agents that are reported to be 
less toxic and can be applied at relatively higher concentration to produce more 
mutations at equimolar concentrations. 
Comparative mutagenic effectiveness and efficiency of physical and 
chemical mutagens in chickpea has been reported by Kharkwal (1998a), 
Chemical mutagens have been found to be more efficient in inducing 
chlorophyll as well as viable and total number of mutations. NMU in particular 
was found not only to be effective but also efficient than gam.ma rays and 
EMS. 
2.7 MUTATIONS AFFFXTING PLANT MORPHOLOGY 
The availability of ample genetic variability is pre-requisite for selection 
in plant breeding to develop desired plant types in any crop. Several induced 
morphological mutations have been reported in literature showing alterations in 
the morphology of various plant parts. 
Singh (1988a) isolated 25 types of tnorphological mutants for plant 
habit, stem, leaf, height, flo\wr and seed characters. Generally, physical 
mutagens induce more morphological mutations and chemical mutagens induce 
more chlorophyll mutations (Gaul, 19C0; 1964). Contrary to this, Singh 
(1988a) observed that EMS induced marginally more morphological mutations 
than gamma rays. Pleiotrophic effect of morphological mutations was reported 
by Deshmukh et al. (1972). According to Blixt (1972) morphological changes 
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are either as a result of pleiotrophic gene action or of cryptic chromosomal 
deletions. 
Variation in size, texture, type and modification of leaf parts have been 
reported by many workers (Patil, 1966; Venkatarajam and Subhash, 1986). 
Several workers (Raisinghani and Mahna, 1994 in Vi}j;na mim^o; Mary and 
Jayabalan, 1995 in Sesamum indicwn) have also reported mutants for plant 
height, maturity period, branching, seed and pod mutants. Singh et al. (1999) 
isolated several macromutations affecting different moiphological characters in 
Vigna mungo L. after treatments with gamma rays and EMS. Gamma rays 
induced bold seeded mutant was reported in Vigna mungo (Singh, 1996) and 
broad bean (Bhat et al, 2006). Singh et al. (2000a) reported that some of the 
morphological mutations like foliage and growth habit appeared more 
frequently than other types in mungbean. The frequency of viable mutations 
has been found to increase with increase in the dose of EMS, NaN3 and their 
combinations with gamma rays (Thakur and Sethi, 1995). Sharma (1970) 
reported synergistic effect for viable mutations at lower combination treatments 
as against the additive effect observed at the higher doses. He further reported 
that the combination treatments changed the spectrum by inducing more 
mutation types that were not observed in the separate treatments. 
In chickpea, morphological mutants have been isolated for leaf shape 
and plant habit (Kharkwal, 1981a and 1981b), growth habit, maturity, seed size 
(Vanniarajan et al, 1993). Seed weight and total pods per plant (Khanna, 1981) 
and flowering period (Haq et al 1989). Mutants have been isolated after seed 
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treatment with physical and chemical mutagens. A wide range of mutants 
affecting habit, pod distribution, seed size and shape, earliness and resistance to 
Ascochyta rabiei were also obtained in chickpea by treating the seeds with 
gamma rays and EMS (Dekov and Radkov, 1982). 
Solanki (2005) isolated twelve kinds of morphological mutations 
including changes for growth habit (compact, bushy, prostrate), foliage 
(narrow, broad, rough, tendrillar), plant height (tall, dwart), maturity and 
flowering behaviour (early, late, sterile) in lentil by EMS and SA treatments. 
The mutations for growth habit and foliage were found in higher frequency by 
EMS, whereas, those for plant height, maturity and flowering behaviour were 
induced in higher frequency by SA on the basis of sterility. SA was found more 
effective and efficient than EMS. 
2.8 DESIRABLE MUTANTS 
Isolation of desirable mutants showing improvement over parent 
genotype for different characters of interest is one of the important aspect of 
induced mutagenesis. Several workers (Banerjee and Swaminathan, 1966 and 
Singhal et ai, 1978 in bread wheat; Siddiq et a!., 1970 in Oryza saliva; Singh 
and Axtel, 1973 in Sorghum; Balint et al, 1970 in maize; Farooq and Nizam, 
1979b in chickpea) have reported induced variability for protein content in 
different crops. 
Kharkwal (1998c) induced wide range of variabilit}' for crude protein 
content in chickpea through treatments with physical and chemical mutagens. 
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Increased seed protein content due to mutagenic treatments was also reported 
byAbo-Hegazi(1980). 
Bhat et al (2006) reported induced pod and seed mutants at lOkR of 
gamma rays and isolated closed flower mutant at 0.04% of MMS in Viciafaba 
L. variety minor. The induced pod and seed mutants were isolated in Mi 
generation and their breeding behaviour was studied by raising M2 and M3 
generations. 
Since there is ever increasing demand for improvement in yield of 
pulses including the chickpea, mutants for increased yield have also been 
reported by several workers. The mutants showed higher yield in comparison to 
normal cultivars (Rao, 1988; Hussan and Khan, 1991). Besides gamma 
irradiation derived mutants, Ivannikov and Moraru (1968) isolated the mutants 
for increased yield through chemical treatments. Some high yielding mutants in 
chickpea after treatments with physical and chemical mutagens have been 
reported by Kharkwal (1981a). 
2.9 INDUCED VARIABILITY FOR QUANTITATIVE TRAITS 
The inheritance of quantitative character is controlled by the interaction 
of many genes or polygenes, out of which each single gene contributes little to 
the total phenotypic variability. In crop improvement program, it is the 
quantitative variation for yield and its component traits that is important to a 
plant breeder. In recent years, the role of mutation breeding in increasing the 
genetic variability for polygenic characters in a number of crops have been 
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proved beyond doubt (Ignacimuthu and Babu, 1993, SolankI and Sharma 1999, 
Waghmore and Mehra 2000). 
The significance of micromutations in the evolution was first recognized 
and emphasized by Baur (1924) and later it has been studied by many workers 
in ditferent crop plants. Gaul (1965) has emphasized the significance of 
micromutations in plant breeding by staling that all the morphological and 
physiological characters are affected by micromutations and they might have 
higher mutation rates than the macromutations. Several workers have so far 
reported encouraging results about the induction of useful quantitative 
variability in different crop plants viz., Shah et al. (1986) in chilli; Khan 
(1984), Mehetre et al. (1990), Tickoo and Chandra (1999) in mungbean; 
Sharma and Sharma (1981b) in lentil and Singh et al. (2000b) in urdbean etc. 
In chickpea, different workers have reported increased variability for different 
agronomic characters in mutagen treated populations as observed by significant 
changes in the mean and coefficient of variability in comparison to control. 
Majority of the results suggested a negative shift (Singh, 1988a) although in 
some cases positive shift was also observed (Mandal, 1974; Kumar at a!., 
1981). 
Increased variability in the form of high heritability and genetic advance 
for different quantitative characters have been reported by many workers 
(Nayeem and Ghasim, 1990; Sharma et al., 1990; Ignacimuthu and Babu, 
1993; Srivastava and Singh, 1993). Gamma ray induced mutagenic variability 
in chickpea was reported by Kale et al. (1980). Variability was considerable for 
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most of the traits and high heritabiHty estimates with high expected genetic 
advance was found for yield and lOO-seed weight. Number of pods per plant, 
plant height and lOO-seed weight showed positive association with yield. 
Kharkwal (2001) induced a wide range of polygenic variability in the 
form of micromutations in M2 and M3 generations of chickpea. Treated M2 
population showed a much greater range of variability for all the characters 
than the controls. High magnitude of increased ranges of variability towards 
positive side showed that some extremely useful variability have been induced 
by mutagenic treatments. Mutagens were equally effective in generating 
variability for quantitative characters and showed a differential response to the 
different varieties. In general, chemical mutagens were found to be relatively 
more efficient than physical in generating variability in M2 and M3 generations. 
In M3 the coefficient of variability was considerably lower than the M2 for most 
of the characters suggesting that selection technique employed in M2 was 
highly effective and played a key role in shifting useful variability in the 
positive direction to M3 generation. The usefulness of induced variability was 
also evident from the higher estimates of heritability and genetic advance in M2 
and M3 populations. The study also revealed that characters such as seed yield, 
number of pods and seed per plant, seed weight and biological yield showed a 
higher response to mutagenic treatments indicating that remarkable 
opportunities exist for marked improvement of these polygenic characters in 
chickpea. 
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Gaikwad and Kotheker (2003) treated the seeds of two lentil cultivars 
i.e., L-4611 and L-4639 with 3 different concentrations of 2 chemical mutagens 
i.e., ethyl methane sulphonate (EMS) and sodium azide (SA). Nine 
morphological mutants were isolated in M2 and M3 generations. These 
morphological mutants were named on the basis of the part of the plant body 
affected. Among them the early maturity, high yielding and bold seed type 
mutants have the potential to be incorporated into breeding programs. 
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Chapter-Ill 
CHAPTER-III 
MATERIALS AND METHODS 
3.1 MATERIALS 
3.1.1 Varieties used 
Two varieties of chickpea (Cicer arietinum L.) namely GNG-469 and 
BG-256 were used in the present study. Both the varieties ore well adopted to 
agro-climatic conditions of Uttar Pradesh and are generally cultivated in 
Aligarh district and in the area where studies have been conducted. A brief 
description of the two varieties is given below. 
3.1.1.1 Variety GNG-469 
Plants are erect and tall with tolerance to wilt and root rot and resistant 
to Ascochyta blight. Seeds are brown and bold. It matures in 145-150 days with 
average seed yield of 20-22 q/ha. 
3.1.1.2 Variety BG-256 
Plants are medium tall and semi-spreading to erect with broad leave. It 
has tolerance to will and Ascociiytu blight. Seeds are bold and light brown. It 
matures in 135-140 days with average seed yield of 18-20 q/ha. 
3.1.2. Mutagens used 
Sodium azide (SA), NaNs, A respiratory inhibitor, manufactured by Indian 
drugs and pharmaceuticals Ltd. Hyderabad. India. 
Methyl metliane sulphonate (MMS), CH3OSO2CH3, Monofunctional 
alkyalating agent manufactured by Sissco Research Laboratories Pvl. Ltd., 
Mumbai, India. 
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Gamma rays, Air dried (10% moisture content) seeds of the two chickpea 
varieties were exposed to different doses of gamma rays from °^Co source at 
the National Botanical Research Institute (NBRI), Lucknow (U.P.) at a dose 
rate of 3kR/minute. 
3.2 EXPERIMENTAL PROCEDURES 
3.2.1 Preparation of mutagenic solutions 
One percent stock solutions of both SA and MMS were prepared in 
phosphate buffer of PH-7. Only freshly prepared solutions were used and 
various concentrations of chemicals were prepared by using the following 
formula. 
S,V, = S2V2 
Where, 
S) = strength of the stock solution 
Vi = volume of the stock solution. 
$2 = strength of desired solution 
V2 = volume of desired solution 
3.2.2 Prctrcatmcnt 
Healthy seeds of uniform size of each variety were used in the present 
experiments. The seeds were soaked in distilled water for 9 hours prior to the 
treatment with mutagens. 
3.2.3 Mutagen administration 
Concentration used: Four different concentrations viz. 0.01, 0.02, 0.03 and 
0.04% of SA and MMS were used for treating the presoaked seeds. 
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Treatment time: The treatments were given at temperature of 25±1°C for six 
hours. 
Sample size: In each variety a set of 150 seeds were used for each 
dose/treatment including the control. Out of these 150 seeds, 100 seeds in each 
treatment were sown in the field for morphological and cytological studies, 
where as the remaining 50 seeds were sown on moist cotton in petriplates for 
measuring root-shoot length and the petriplates were kept in B.O.D. incubator 
at 25±1°C temperature with relative humidity at 95%. 
Table 3: Details of mutagenic treatment given to chickpea seeds. 
Mutagen 
used 
Control 
SA 
MMS 
Gamma rays 
Dose/Concentration 
(%) 
Phosphate /buffer 
0.01 
0.02 
0.03 
0.04 
0.01 
0.02 
0.03 
0.04 
5kR 
lOkR 
15kR 
20kR 
Duration 
of 
presoaking 
(li) 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
-
-
-
-
Duration 
of 
treatment 
(10 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
-
-
-
-
PH 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
-
-
-
-
No. of 
seeds 
treated 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
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3.2.4 Sowing of seeds in tlie field 
The treated as well as untreated (control) seeds were sown in three 
replicates (100 seeds in each replicate) in a complete randomized block design 
(CRBD) in the rabi season of 2005 at the University Agriculture Farm, A.M.U., 
Aligarh. The distance between the seeds along a row was kept 20 cm where as 
row to row distance was maintained at 30 cm in each experimental plot in a 
replication. Recommended agronomic practices were employed for the 
preparation of field, sowing and subsequent management of populations to 
raise a good crop. 
3.3 EVALUATION OF M, GENERATION 
A detailed study of the effect of different mutagenic treatments in the 
two varieties was under taken using the following parameters: 
3.3.1 Seed germination 
Seed germination was recorded right from the emergence of first shoot 
in each treatment as well as control in the field on alternate days. After 
recording the germination counts, the percentage of seed germination and 
percent inhibition were calculated by using the following formula: 
_ . . ,.,. Number of seeds germinated ,„,, Germinatioi (%)= — x 100 
Number of seeds sown 
, , . , . . ,.,, Control-Treated ,,^ „ Inhibition (%) = —- xlOO 
Control 
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3.3.2 Seedling liei}»ht (cm) 
Seedling height was estimated on ?"' day of germination by measuring 
root and shoot lengths of 20 randomly selected seedlings from each treatment 
as well as control. Seedling injury as measured by the reduction in the root and 
shoot length was calculated in terms of percentage of root and shoot injury. 
, . Control-Treated , . . 
Percentage Injury = x 100 
Control 
3.3.3 Plant survival 
The survived plants in different treatments were counted at the time of 
maturit)' and the survival percentage and percent lethality were calculated by 
the following formula: 
. . ,.,. Number of plant at maturity ,„„ 
Survival (%) = ~ — : -; x 100 
Number of seeds germinated 
, , ,. .„/^ Control - Treated ,._ 
Lethality (%) = y-100 
Control 
3.3.4 Pollen fertility 
Fresh and young flowers from 10-15 randomly selected plants were 
taken from each treatment including the control. Pollen fertility was determined 
by staining the pollen grains with 1% acetocarmine solution. Pollen grains 
which took the stain and had a regular outline were considered as fertile, while 
the shrunken, empty and unstained ones as sterile. The following formulae 
were used to calculate percent fertility and percent reduction (sterility): 
D II f _••!•* /o/N Number of fertile pollen ,„„ Pollen fertility (%) = ^ x 100 
Total number of pollen 
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,„ ... , Control - Treated ,„^ Percent reduction (Sterility) = x 100 
Control 
3.3.5 Cytological studies 
Cytological studies were carried out on pollen mother cells by fixing 
young flower buds from each treatment as well as control. The purpose of 
fixation was to kill the tissue without causing any distortion of the components 
to be studied. It should not only increase visibility of the chromosome structure 
but should also clarify the details of chromosome morphology such as the 
euchromatic or heterochromatic regions and the primary and secondary 
constrictions. 
Flower buds of appropriate size were collected randomly from 10-15 
plants of Ml generation and fixed in 1:3 aceto: alcohol solution for 24h 
supplemented with crystals of ferric chloride. The material was finally stored in 
70% alcohol. Meiosis was studied from acetocarmine squashes of pollen 
mother cells (Swaminathan et al , 1954). The slides were made permanent 
using n-butyl alcohol schedule (Bhaduri and Ghosc, 1954). Analysis of various 
stages of meiosis was done from slides chiefly at metaphase and anaphase 
stages. 
3.3.6 Morphological variants 
Some induced morphological variants affecting plant form, plant height 
and leal"were isolated in M| generation. Observations were also made on 25-.10 
normal looking plants in each treatment with their controls. 
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The following eight quantitative charaeters were studied in M| 
generation. 
1. Plant height: Plant height was measured at maturity in centimeters from 
the base upto the apex of the plant. 
2. Days to flowering: Days to flowering were noted as the number of days 
taken by the plant from the date of sowing to the dale of opening of the 
first flower bud. 
3. Days to maturity: Number of days taken by the plant from the date of 
sowing upto the date of harvesting of the plant. 
4. Number of fertile branches: Number of fertile branches were counted 
at maturity as the number for fertile branches which had more than one 
pods. 
5. Number of pods: Number of pods were counted at maturity as the 
number of pods borne on the whole plant. 
6. Seeds per pod: I'wcnly best pods were threshed and number ()[' seeds 
per pod was counted. The mean was calculated for each plant. 
7. 100-seed weight (g): It was the weight of a random sample of hundred 
seeds froin each plant. 
8. Total plant yield: Plant yield was the weight of total number of seeds 
harvested per plant and the yield of each plant was recorded in grams. 
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3.4 STATISTICAL ANALYSIS 
Data collected for eight quantitative characters in M| generation were 
subjected to statistical analysis to find out range, mean, standard error, standard 
deviation and coefficient of variability. 
3.4.1 Range 
It is the difference between the lowest and highest values present in the 
observations included in a sample. 
3.4.1.1 Mean (X) 
The mean is computed by taking the sum of the number of values (Xi, 
X2,....Xn) and dividing by the total number of values involved, thus 
v ^ X | + X 2 + -
N 
or 
N 
where X|, X2, x,, = observations 
N= Total number of observations involved 
3,4.1.2 Standard error (S.E.) 
It is the measure of uncontrolled variation present in a sampls. It is 
eslimalcd by dividing (he estimate of slandard deviation by the square root of 
the number of observations in the sample and is denoted by S.E., thus 
_S.D. of sample 
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whore. S.I). - standurd deviation 
N = Number of observations 
3.4.1.3 Standard deviation (S.D.) 
The standard deviation is calculated by the following formula for each 
parameter of study. 
• ' V N 
where, X = Meanof all observations involved 
X|, X2 Xn = observations 
N = Number of observations 
3.4.1.4 Coefficient of variability (C.V.) 
It measures the relative magnitude of variation present in observations 
relative to magnitude of their arithmetic mean. It is defined as the ratio of 
standard deviation to the arithmetic mean expressed as percentage and is a unit 
less number. The following formula is applied lo compute coefficient of 
variability (C.V.). 
Standard deviation 
C.V.(%) = xIOO 
Mean 
Or 
S.D. 
xlOO 
X 
Where S.D. = Standard deviation of sample 
X = Arithmetic mean. 
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CHAPTER-IV 
EXPERIMENTAL RESULTS 
4.1 STUDIES IN Ml GENERATION 
The effect of SA, MMS and y-rays was evaluated on seed germination, 
seedling height, plant survivnl. pollen fertility, inciosis and varions quantitative 
characters in Mj generation of chickpea. 
4.1.1 Seed germination 
Data recorded on seed germination is shown in Tables 4 and 5. The seed 
germination decreased with an increase in dose/concentration (Graphs 3 and 4). 
The maximum decrease in germination was observed at the highest treatment 
of all the mutagens. In case of SA treatments, the maximum inhibitory effect 
on germination (35.48%) and (43.61%) was observed at 0.04% in varieties 
GNG-469 and BG-256 respectively. 
Tn case of y-rays treatments, the maximum inhibitory effect 36.55%) and 
45.14% was recorded at 20kR of y-rays in both the varieties (GNG-469 and 
BG-256) respectively. In case of MMS treatments, the maximum inhibitory 
effect was 41.93% and 46.80% at 0.04% in the varieties GNG-469 and BG-256 
respectively. 
Germination started the second day after sowing in control. However, it 
was delayed by more than three days in the lots treated with the higher 
concentrations of all the three mutagens in both the varieties. The var. RG-256 
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was found lo bo more sonsilivc to the iiuilageiiic trecitinents tliaii var. GNCi-
469. The order of effectiveness was MMS>Y-rays>SA. 
4.1.2 Plant Survival 
Data recorded on f)lant survival is shown in Tables 4 and 5. The survival 
of plants decreased with an increase in dose/concentration in almost all the 
mutagens in both the varieties (Graphs 3 ami '1). Anion^ ', the nuitagenie 
treatments, the maximum survival percentage was observed at lowest 
concentrations of all the mutagens. The highest lethality i.e., 14.14% in GNG-
469 and 12.71% in var. BG-256 was recorded at 0.03% and 0.04% of MMS 
respectively. The pooled mean value for survival percentage indicated that 
maximum survival (87.31% in var. GNG-469 and 83.77% in var. BG-256) was 
observed in SA as compared to 91.39 in controls. 
The var. BG-256 was found to be more sensitive to mutagenic 
treatments than var. GNG-469. The order of effectiveness was MMS>Y-
rays>SA. 
4.1.3 Pollen fertility 
Data recorded on pollen fertility are shown in Tables 4 and 5. The pollen 
fertility showed dose dependent decrease in both the varieties (Graphs 3 and 4). 
In other words, the pollen sterility increased with increase in mutagenic 
dose/concentration. The maximum sterility was observed at the highest dose of 
each mutagen. The maximum sterility (36.22%) in var. BG-256 and (26.21%) 
in var. GNG-469 was recorded at 20kR of y-rays. 
40 
es 
<u 
u 
(U 
e 
0£ 
B 
•a ^ 
B 
"o 
a 
•a 
B 
"3 
3 
1/1 
B 
B 
_o V-
a 
B 
E 
<u 
DX) 
73 
W 
<U 
IM 
a 
o 
T3 ^ 
e/i (21 
o I 
V2 > 
o 
u 
a 
H 
B ^-^ 
B 
u 
3 
•a 
00 
1/-) 
ON 
ocj ^ j : : ;:^  
o 
o 
ON 
O 
Os 00 
o 
00 
ON ^H 
00 
00 
3 vO 
B 
00 
ON 
ON 
B 
_o 
£ ^ 
B 
B 
O 
B 
CD 
ON 
o 
ON 
o 
ON 
^ 
00 
IT) 
ON 
00 
o 
o 00 
1—1 
00 
o 
ON 
o 
oo 
^ (N 
00 
00 
ON 
B 
E 
« 
H 
ro 
ON 
00 
00 
,_ 
00 
ON 
NO 
O 
NO 
"5 
ro 
iri 
NO 
00 
O 
• — 1 
00 
r--
-^ ' 
'—' 
^^  (N 
NO 
tN 
ON 
<s 
• * ' 
1 — I 
00 
00 
u-> 
'^_ 
» — * 
^^  
00 
t-^  
rf 
' • ^ 
o r-
NO r-^  
o 
ON 
O 
ON 
i n 
i r i 
oo 
00 
CO 
00 
o 00 
o 
oo 
o 
o 
00 
(X3 
00 
(N 
t-- 00 
fN) 
rT) 
NO 
ON 
00 
^ 
>o 
00 
1^ 
ID 
ON 
—' rt 
•T 
'~i rt NO 
00 
00 
oo 
00 
r~-
in 
00 00 
NO 
00 
ON 
o NO 
00 
NO 
ON 
00 
fNl 
00 
NO 
00 
o 
00 
o 
NO 
00 
o 
ON (N 
in 
NO 
(N 
00 
00 
NO 
(N 
in 
<n 
NO 
ON 
ON 
O 
(^1 
r^  
in 
NO 
(N 
O 
O 
ON 
•5-
f—1 
00 
00 t^  r^  
00 
NO 
ON 
in 
if) 
(N 
1—( 
r-
r--
_ 
r^  
in 
NO 
r:r 
in 
tn 
t> 
NO 
NO 
e 
c 
o 
U 
< 
LTl 
•^ 
©v *— 
O 
d 
< 
C/) 
=^ (N 
O 
d 
< 
00 
c^ 
q 
d 
< 
00 
ON 
^ 
q 
d 
OS 
E 
•a 
0) 
o 
o 
&. 
M 
E 
£ « 
o i n 
a; a: 
o in :^ o 
(N 
B 
« 
E 
"o 
o 
00 ITi 
— rNi 
o o d d 
q 
d 
o 
« 
E 
-o 
"o 
o 
0H 
a 
s 
'••3 
a 
6£ 
1 
o 
a 
T3 
a 
a 
C 
c 
_o 
%-* 
C5 
e 
B 
u (U 
Ml 
T3 
V 
<u 
en 
a 
O 
-a 
s 
a 
.2 
u 
^ ID 
2 ^ 
rt . 
E J3 
E > 
o «u 
•Si ^ 
a --' 
(1H 
a 
u 
3 
P5 
— o 
(N ON 
^^  
o 
00 
t~-
o (N 
r-
o 
fo 
1-H 
o 
00 (~-^  
ON 
^ 
<N 
— 
r-
—; 
O 
<N 
fNl 
CM 
d^ 
rn 
^ - o ; 
oo 
—' 
vd 
—^ 
r^  
<o 
CN 
(N 
<N 
'/-> 
'^  r<-i 
ON 
^ 
o 
«s 
ON 
o 
ON 
IT) 
ON 
NO 
OO 
o 
NO 
00 
ON 
NO 
o 
00 
q 
00 
00 00 
ON 
NO 
00 
o 
NO 
0\ NO 
NO 
CO 
O 
o 
o 
00 
O) o 
NO 
ON 
NO 
in 
> 
u ^ 
a 
a 
a 
o 
s 
e 
C NO 
u o^  
(U ^ ^ 
6X) 
at 
n 
ON 
ON 
iri 
VO 
,—H 
O 
o 
r-^  
• * 
(NJ 
NO 
00 
NO 
d 
00 
irj 
00 
•* 
NO 
r^  
q 
d 
ON 
rNi 
oc t^ 
c 
o 
U 
< < 
s O ^ 
ON o N 
— CN) 
O O 
d d 
ON 
o 
< 
q 
d 
c 
0) 
s 
o 
o 
OH 
C3 
E 
E 
O 
^ f^ f^ ^ 
^ O to 
IT) — — 
O 
B 
u 
s 
•a 
<u 
"o 
o 
OH 
fO 
r^  
NO 
ON 
(N 
Tt 
•^  
ON 
in 
if> 
ON 
t-^  
t--; 
rj 
<s 
r-
« 
NO 
O^ 
00 
o 
00 
00 
o 
o 
00 
00 
(N 
d 
00 
q 
00 00 
to 
00 
oo 
ON 
NO 
00 
in 
00 
ON 
d 
00 
00 
in 
•n 
00 
in q 
00 
•n 
CN 
00 
o q 
00 
IT) 
(S 
« 
NO 
ri 
(N 
d 
NO 
^ 
NO 
in 
ON 
00 
•i 
NO 
(N 
fN 
ON 
r-i 
'^r 
'n ON 
"d-
ON 
0\ 
in 
vd 
CNl 
q o 
00 NO 
NO 
1—( 
fl 
in 
in 
<N 
d 
o 
CO 
— 
t^ 
n 
NO 
r-H 
•n 
•n 
rj 
NO 
NO 
NO 
t-> 
ON 
NO 
•N 
NO o in 
in 
rj 
C/5 
S 
s 
^ 
—, O 
d 
0^ 
§ 
2 
ON 
fN) 
o 
d 
(/) 
s 2 
^ 
ro 
q d 
00 
S 
s 
^: 
'^ 
o 
d 
a 
« 
s 
•a 
o 
0 CM
r 
c 
o 
QL 
a 
sS 
(0 
> 
t 
3 
C (S 
E 
D 
c 
c 
)ue9J8cj O 
I 
> 
t 
3 
CO 
c 
ID 
o! 
D 
c 
o 
c 
o 
c 
ce 
1^ 
* * ' ^ 
CB CO 
• = Q . 
8! 
CO *-§2 
JS o 
<0 
E » N 
9 S ^ ID 
o 
o 
o 
0> 
o CO o h> o (0 o in o ^ o CO o (M n T -
)U99Jad 
2 c 
S (B ^ 
S g J 
(6 O d 
sis 
E £ 
< o 
•^  s 
O Q-
-** ^ 
jg (0 
UJ ff 
. . > 
-I 
The pollen slcrilily ranged from 5.2I%-20.17% (SA), 7.8()%-36.22% (y-
rays) and 9.52%-34.52% (MMS) in var. BG-256. whereas, in var. GNG-469, 
the pollen sterility ranged from 4.52%-17.77% (SA), 5.31%-26.21% (y-rays) 
and 8.85%-25.60% (MMS). 
In general, pollen fertility decreased with the increase in 
dose/concentration of each mutagen. However, the var. 00-256 was found to 
be more sensitive to mutagenic treatments than var. GNG-469. The order of 
effectiveness was MMS>y-rays>SA. 
4.1.4 Seedling height (cm) 
The seedling height (root length + shoot length) was measured and 
presented in Tables 6 and 7. 
The mean length of seedlings ranged from 12.29-14.60 (SA), 11.47-
13.89 (y-rays) and 11.01-13.40 (MMS) in var. GNG-469, while the mean 
length of seedlings ranged from 12.02-14.11 (SA), 10.63-13.53 (y-rays) and 
10.47-12.99 (MMS) in var. BG-256, 
The percent injury ranged from 8.92-23.33 (SA), 13.34-28.44 (y-rays) 
and 16.40-31.31 (MMS) in var. GNG-469, whereas, the percent injury ranged 
from 9.37-22.80 (SA), 13.10-31.72 (y-rays) and 16.57-32.75 (MMS) in var. 
BG-256. 
Seedling injury was affected drastically in MMS treatments followed by 
y-rays and SA treatments and the higher concentrations of all the mutagens 
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showed more severe effects on seedling height in both the varieties. Var. BG-
256 was more sensitive with respect to seedhng height. 
4.1.5 Cytological aberrations 
The control plants of var. GNG-469 and BG-256 showed eight perfect 
bivaients (2n=16) at metaphase-I which showed equal segregation (8:8) at 
aiiaphasc-1. Tclophasc-1/lI were normal giving rise [o normal tetrads. The 
microsporogenesis of plants raised from treated seeds was highly disturbed. 
The meiotic studies showed almost similar types of chromosomal aberrations in 
both the varieties but the frequencies of these chromosomal aberrations were 
different. The frequency of meiotic aberrations at different stages of meiosis in 
each treatment is presented in the Tables 8 and 9, Graph 5. 
The mutagenic treatments induced various chromosomal aberrations 
during microsporogenesis in Mi generation. The most frequent aberrations 
were stickiness, univalents, multivalents, precocious separation, and cytomixis 
at metaphase stages and laggards, bridges, unequal separation and stickiness at 
anaphase stages. The dominant meiotic aberrations at telophase-1/Il were 
disturbed polarity, multinucleate condition, micronuclei and cytomixis. 
The data recorded in the Tables showed that almost all types of 
chromosomal aberrations were dose dependent in both the varieties. 
4.1.5.1 Aberrations at Metaphase stages 
The chromosomal aberrations observed at metaphase-1 and II are as 
under: 
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Univnlcnts: 
Univalents were observed at metaphase-I in the treated populations 
(Plate I & II, Figs. 4-9 & 11-14). Frequency of PMCs showing the univalents 
ranged from 0.32%-0.95% (SA), 0.32%-!.25% (y-rays) and 0.64%-1.29% 
(MMS) in var. GNG-469, whereas, the univalents ranged from 0.32%-!.30% 
(SA), 0.65%-1.59% (Y-rays) and 0.97%-1.62% (MMS) in var. BG-256. The 
maximum frequency of univalents was 1.29% and 1.62% at 0.04% of MMS in 
var. GNG-469 and var. BG-256 respectively. The maximum frequency of 
univalents was induced by MMS followed by y-rays and SA in both varieties. 
However, the frequency of univalents was more in var. BG-256 than var. 
GNG-469 in all the three mutagens. 
Multivalnts: 
Multivalents such as trivalents, tetravalents, pentavalents, hexavalents, 
etc. were observed at metaphase-I in the treated population (Plates I & II, Figs. 
6-16). The multivalents showed dose dependent increase in all the mutagenic 
treatments in both the varieties. The frequency of PMC's showing multivalents 
ranged from 0.64%-0.95% (SA), 0.64%-1.30% (y-rays) and 0.96%-1.62% 
(MMS) in var. GNG-469, while, the frequency of PMCs showing multivalents 
ranged from 0.64%-!.30% (SA), 0.98%-1.65% (y-rays) and 1.29%-1.97% 
(MMS) in var. BG-256. The maximum frequency of PMCs showing 
multivalents were 1.62% and 1.97% at 0.03% MMS in var. GNG-469 and var. 
BG-256 respectively. The maximum frequency of multivalents were induced 
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by MMS Ibllowed by y-rays and SA in both the varieties. The var. BG-256 
showed more multivalnts than the var. GNG-469. 
Stickiness: 
Stickiness or clumping of chromosomes at mclaphase-I/U was the most 
common meiotic aberration (Plate II, Figs. 17-24). Chromosomes were 
cluiupcd cilhcr into one or clilTcront groups. The IVociucncy of PMC's showing 
stickiness ranged from 0.65%-!.59% (SA), 0.97%-!.63% (y-rays) and 0.96%-
1.94% (MMS) in var. GNG-469, whereas, the frequency of PMCs showing 
stickiness ranged from 0.96%-1.96% (SA), 1.31%-1.98% (y-rays) and 1.29%-
2.28% (MMS) in var. BG-256. The maximum frequency of PMCs showing 
stickiness was 1.94%) and 2.28% at 0.04% of MMS in both the varieties. The 
MMS induced more stickiness followed by y-rays and SA in both the Vc rieties. 
However, the var. BG-256 showed more frequency of stickiness than var. 
GNG-469. 
Precocious separation: 
Precocious separation was observed almost in all the treatments except 
0.01% SA, 0.02% SA, 5kR in both the varieties (Plate 1, Fig. 10). The 
frequency of PMCs showing precocious separation ranged from 0.32%-0.63%) 
(SA), 0.31%-0.62% (y-rays) and 0.32%-0.97% (MMS) in var. GNG-469, while 
it ranged from 0.66%-0.98% (SA), 0.64%-0.95% (y-rays) and 0.64%-1.31% 
(MMS) in var. BG-256. The maximum frequency of PMCs showing precocious 
separation was 0.97% and 1.31% at 0.03% MMS in both the varieties. In 
general MMS induced maximum frequency of precocious separation followed 
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by y-rays and SA. However, more frequency of PMCs showing precocious 
separation was observed in var. BG-256 than var. GNG-469. 
Cyioniixis: 
The cytomixis was observed at metaphase-I and 11 except in O.OWo (SA) 
in both the varieties (Plate III, Figs. 25-27). The frequency of PMCs with 
cytomixis ranged from 0.32%-0.65% (SA), 0.32%-0.94% (y-rays) and 0.32%-
1.29% (MMS) in var. GNG-469, while the frequency of PMCs with cytomixis 
ranged from 0.64%-0.98% (SA), 0.65%-1.27% (y-rays) and 0.64%-1.62% 
(MMS) in var. BG-256. 
The maximum frequency of PMCs showing cytomixis was 1.29%) and 
1.62% observed at 0.04%) MMS in var. GNG-469 and var. BG-256 
respectively. In general MMS was more effective in inducing cytomixis 
followed by y-rays and SA in both the varieties. However, var. BG-256 showed 
more frequency of PMCs with cytomixis than the var. GNG-469. 
4.1.5.2 Aberrations at anapha.se staRe.s 
The following chromosomal aberrations were observed at anaphase-I and II. 
Bridges: 
The bridges were one of the dominant chromosomal aberration observed 
at anaphase-I and II (Plate III, Figs. 28 & 29). The bridges were observed in all 
the treatments in both the varieties. The frequency of PMCs with bridges 
ranged from 0.32%-0.65% (SA), 0.32%-0.97%) (y-rays) and 0.32%-!.63% 
(MMS) in var. GNG-469, whereas, the frequency of PMCs with bridges ranged 
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from 0.64%-0.99% (SA). 0.65-1.31% (y-rays) and 0.64%-1.98% (MMS) in 
var. BG-256. The maximum frequency of PMCs with bridges was 1.63%i and 
1.98% at 0.03% MMS in var. GNG-469 and var. BU-256 respectively. In 
general MMS induced maximum frequency of bridges followed by y-rays and 
SA in both the varieties and var. BG-256 showed more frequency of bridges 
than the var. GNG-4()9. 
Laggards: 
The laggards were observed in almost all the treatments with exc(jptions 
of 0.01% SA, 0.02% SA and 5kR y-rays in both the varieties (Plate III, Figs. 
30-33). The frequency of PMCs with laggards ranged from 0.32%-0.63%o (SA) 
0.31%-0.62%, y-rays and 0.32%-0.97% (MMS) in var. GNG-469, while the 
frequency of PMCs with laggards ranged from 0.66%-0.98% (SA), 0.64%-
0.95%) (y-rays) and 0.64%)-1.30%) in var. BG-256. The maximum frequency of 
PMCs with laggards was 0.97% and 1.30% observed at 0.04% MMS in var. 
Gl^ IG-469 and var. BG-256 respectively. In general MMS induced more 
frequency of laggards followed by y-rays and SA in both the varieties. 
However, var. BG-256 showed more frequency of laggards than the var. GNG-
469. 
Unequal separation: 
The unequal separation was observed in all the treatments in both the 
varieties (Plate III, Fig. 34). The chromosomes disjuncted unequally in the ratio 
of 9:7, 10:6 and so on in both the varieties. The frequency of PMC's with 
unequal separation ranged from 0.32%-0.65% (SA), 0.31%-0.94% (y-rays) and 
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0.32%-0.97% (MMS) in var. GNG-469, while the frequency of PMCs with 
unequal separation ranged from 0.64%-0.99% (SA) 0.64%-1.27% (y-rays) and 
0.64%-1.30% (MMS) in var. BG-256. The maximum frequency of PMCs with 
unequal separation was 0.97% and 1.30% observed at 0.04% (MMS) in the var. 
GNG-469 and the var. BG-256 respectively. However, var. BG-256 showed 
more frequency of PMC's with unequal separation than the var. C)NCi-469. 
Stickiness: 
The stickiness of chromatin material was observed in all the treatments 
in both the varieties (Plate III, Figs. 35-36). The frequency of PMC's with 
stickiness ranged from 0.32%-0.63% (SA), 0.32%-0.65% (y-rays) and 0.32%-
0.97% (MMS) in var. GNG-469, while the frequency of PMCs with stickiness 
ranged from 0.64%~0.98% (SA), 0.65%-0.99% (y-rays) and 0.64%-1.31% 
(MMS) in var. BG-256. The maximum frequency of PMCs with stickiness was 
0.97% and 1.31% observed at 0.03% MMS in both the varieties respectively. In 
general MMS induced more frequency of PMCs with stickiness followed by y-
rays and SA in both the varieties. However, the var. BG-256 showed more 
frequency of stickiness than the var. GNG-469. 
4.1.5.3 Aberrations at telophase stages 
The dominant chromosomal aberration of telophase-I and II are as under. 
Disturbed polarity: 
The disturbed polarity was one of the main chromosomal aberrations 
observed at telophase-II (Plate IV, Figs. 45-46). The disturbed polarity was 
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observed in all the treatments in both the varieties. The frequency of PMCs 
with disturbed polarity ranged from 0.32%-1.27% (SA), 0.64%-1.57% (y-rays) 
and 0.96%-1.94% (MMS) in var. GNG-469, while the frequency of PMCs with 
disturbed polarity ranged from 0.64%-1.63% (SA), 0.98%-1.91% (y-rays) and 
1.28%-2.28% (MMS) in var. BG-256. The maximum frequency of PMCs with 
disturbed polarity was 1.94% and 2.28% observed al 0.04% MMS in vars. 
GNG-469 and BG-256 respectively. In general MMS induced more frequency 
of PMCs with disturbed polarity followed by y-rays and SA in both the 
varieties and var. BG-256 showed more frequency than the var GNG-469. 
Multinucleate condition: 
The multinucleate condition was observed in almost all the treatments 
with exceptions of 0.01% SA, 0.02% SA and 5kR y-rays in var. GNG-469 and 
0.01% and 0.02% SA in var. BG-256 (Plate IV, Figs. 42 & 43). The frequency 
of PMCs with multinucleate condition ranged from 0.63%-0.65% (SA), 0.31%-
0.94% (y-rays) and 0.32%-1.29% MMS in var. GNG-469, while the frequency 
of PMCs with multinucleate condition ranged from 0.98%-0.99% (SA), 0.64%-
1.27% (y-rays) and 0.64%-1.62% (MMS) in var. BG-256. The maximum 
frequency of PMCs with muhinucleate condition was 1.29% and 1.62% 
observed at 0.04% MMS in var. GNG-469 and var. BG-256 respectively. In 
general MMS induced more frequency of PMCs with multinucleate condition 
followed by y-rays and SA in both the varieties. However, the var. HG-256 
showed more iVequeiicy of PMCs with multinucleate condition than the var. 
BG-256. 
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Micronuclei: 
The micronuclei were observed in all the treatments in both the varieties 
(Plate IV, Figs. 38-41). The IVequency ofPMCs with micronuclei ranged from 
0.32%-0.65% (SA), 0.32%-0.94% (y-rays) and 0.32%-0.97% (MMS) in var. 
GNG-469, whereas the frequency of PMCs with micronuclei ranged from 
().()4%-().99% (SA). 0.()4%-1.27% (y-rays) and ().()4%-1.31% (MMS) in var. 
BG-256. The maximum frequency of PMCs with micronuclei was 0.97% and 
1.31% at 0.03% MMS in var. GNG-469 and var. BG-256 respectively. In 
general MMS induced more frequency of PMCs with micronuclei followed by 
y-rays and SA in both the varieties. However, var. BG-256 showed more 
frequency of PMCs with micronuclei than the var. GNG-469. 
Cytomixis: 
The cytomixis was observed in all the treatments of both the varieties 
(Plate VI, Figs. 47 & 48). Mostly two PMCs were connected by cytoplasmic 
tubes but sometimes more than two PMCs were also found connected. The 
frequency of PMCs with cytomixis ranged from 0.32%-0.95% (SA), 0.32%-
0.94% (y-rays) and 0.32%-0.97% (MMS) in var. GNG-469, while the 
frequency of PMCs with cytomixis ranged from 0.64%-1.30% (SA) 0.65%-
1.27% (y-rays) and 0.64%-1.31% (MMS) in var. BG-256. The maximum 
frequency of PMCs with cytomixis was 0.97% and 1.31% observed at 0.04% 
(MMS) in the vars. GNG-469 and BG-256 respectively. In general MMS 
induced more frequency of PMCs with cytomixis followed by y-rays and SA in 
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both the varieties. However, the var. BG-256 showed more frequency olTMCs 
with cytomixis than the var. GNG-469. 
Perusal of the results in the Tables 7-8 revealed that meiotic aberrations 
increased with the increase in dose/concentration of each mutagen in both the 
varieties. The overall frequency of meiotic aberrations at various stages of 
meiosis indicated that metaphase aberrations were more common followed by 
anaphase and telophase aberrations. The MMS was more effective in inducing 
maximum frequency of meiotic aberrations followed by y-rays and SA in both 
the varieties. 
4.1.6 Morphological variations 
A wide range of phenotypically detectable morphological variants with 
altered characters affecting plant height, growth habit, leaf morphology, llower 
morphology, pod size, seed size and yield were isolated in Mj generation of 
chickpea populations of the two varieties, GNG-469 and BG-256 (Table 10, 
Plates V--X1). The extended variability among these variants was assessed in 
terms of variation frequency based on percent of the total Mi surviving 
population. The frequency of morphological variations, indicated that both the 
varieties of chickpea responded differently to the mutagen treatments. 
However, the var. BG-256 was found to be more sensitive to the mutagenic 
treatments than the var. GNG-469. 
The characteristics of each variant, isolated in M), are as follows: 
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I) Variations affecting plant height 
a) Tall variant: These variants ranged from 70-75 cm in height and the plants 
were weak with less number of branches (Plate V, Fig. 50). These variants 
were found in both the varieties treated with all the three mutagens. The 
frequency of these variants was 7.73% of the total morphological variations. 
b) Scnii-dwarf variant: The height of these variants ranged from 33.20-36.80 
cm. Their growth was very slow from early seedling stage to maturity with 
reduction in the number of intemodes (Plate V, Fig. 51). These variants were 
found in both the varieties treated with gamma rays (var. GNG-469) and SA 
and MMS (var. BG-256). The frequency of these variants was 1.72% of the 
total morphological variations. 
c) Dwarf variant: These variants ranged from 23.60-28.50 cm in height (Plate 
V, Fig. 52). These variants were found in both the varieties treated with gamma 
rays and MMS and their frequency was 2.57%o of the total morphological 
variations. 
II) Variations affecting growth habit: 
a) Bushy variant: These variants were highly vigorous in growth, semi-errect 
and sparsely branched with big, thick and hairy leaflets which showed distinct 
midrib (Plate VI, Fig. 53). These variants were found in both the varieties 
treated with gamma rays and MMS (var. GNG-469) and MMS (var. BG-256). 
The frequency of these variants was 2.12% of the total morphological 
variations. 
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b) Non-floncriiig/ vcgcditlvc varijint: These were ohkiiiiecl in van GNG-469 
treated with y-rays and in var. BG-256 treated with all the three mutagens. 
They did not bear even a single flower and continued to grow vegetatively by 
the time other plants were setting the pods (Plate VI, Fig. 54). The frequency of 
these variants as against the total morphological variations was 3.06%. 
c) Prostrate variant: These variants showed prostate habit and were found in 
both the varieties treated with MMS. The frequency of these variants as against 
the total morphological variations was 1.73% (Plate VI, Fig. 55). 
Ill) Variations affecting leaf morphology (leaf variants) 
a) Narrow leaf: These variants were characterized with small and naiTOW 
leaflets and were found in var. GNG-469 treated v/ith all the three mutagens. 
However, in var. BG-256 such variants are found only in y-rays and MMS 
treatments. The frequency of these variants as against the total morphological 
variations was 5.99% (Plate VII, Fig. 56 b). 
b) Broad leaf: These variants shoNved large, thick and hairy leaflets with 
distinct midrib (Plate VII, Fig. 56c). They were found in both the varieties 
treated with gamma rays and MMS. The frequency of these variants was 3.01% 
of the total morphological variations. 
c) Axillary branches: These variants had profuse axillary branches with very 
closely produced leaves (reduced internodes). The canopy of axillary branches 
and leaves on them gave an appearance of beautiful "Bouquet" (Plate VII, Fig. 
57b). These variants were found in both the varieties treated with SA and MMS 
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and the frequency of these variants as against the total morphological variations 
was 4.28%. 
d) Elongated internodcs: These variants were characterized by elongated 
intemodes with increased number of leaflets and showed highly reduced pod 
size (Plate VII, Fig. 58). They were found in both the varieties treated with 
MMS and frcciiicncy of these variants was 2.60% of the loUil morphological 
variations. 
IV) Variations in floral characters 
a) Reduced pedicel: These variants were characterized by extremely reduced 
pedicel (Plate VIII, Fig. 59b). They were found in both the varieties treated 
with gamma rays and their frequency was 2.12% of the total morphological 
variations. 
b) Elongated pedicel: These variants were characterized by extremely 
elongated pedicel (Plate VIII, Fig. 59c). They were found in both the varieties 
treated with MMS and their frequency was 2.16% of the total morphological 
variations. 
V) Variations affecting pod and seed 
a) Double pod: These variants possessed 2 pods together instead of single pod 
as in control (Plate VIII, Fig 60b). They were found in both the varieties treated 
with MMS and their frequency was 1.73% of total morphological variations. 
b) Bold pod: These variants showed larger size of pods in comparison to 
control (Plate XI, Figs. 70b & 72b). These were found in both the varieties 
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treated with Gamma rays and MMS and their frequency was 4.34% of the total 
morphological variations. 
c) Double seeded pod: These variants possessed 2 seeds per pod as against 
single seed per pod in control (Plate VIII, Fig. 61b). These were found in both 
the varieties treated with all the three mutagens and their Ircquency was 7.33% 
of the total morphological variations. 
d) Tripple seeded pod: These variants contained 3 seeds per pod instead of 1 
in normal (Plate VIII, Fig. 61c). They were found in var. BG-256 treated with 
MMS and their frequency was 0.86%. of the total morphological variations. 
e) Bold Seed: These were found in both the varieties treated with all the three 
mutagens and their frequency was 5.63% of total morphological variations 
(Plate XI, Figs. 71b & 73b). 
VI) Variations affecting yield 
a) Increased number of branches: The variants with increased number of 
branches per plant were isolated in the mutagcnized population (y-rays and 
MMS) in both the varieties and were characterized by luxuriant growth (Plates 
IX & X, Figs. 63, 64, 65, 67, 68 & 69). Their frequency was 5.64% of the total 
morphological variations. 
b) Increased number of pods: They were obtained in various treatments of y-
rays and MMS in both the varieties (Plates IX & X, Figs. 63, 64, 65, 67, 68 & 
69). These variants were extremely high yielding. Their frequency was 5.66% 
of the total morphological variations. 
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4.1,7 Effect of mutagens on quantitative characters in Mi generation 
Data on the effect of various treatments with SA, y-rays and MMS are 
given in Tables 11-18. Statistical analysis was done to find out range, mean, 
standard error, shift in X, standard deviation for eight quantitative characters 
namely plant height, days to flowering, days to maturity, fertile branches per 
plant, pods per plant, seeds per pod, 100-seed weight (g) and total plant yield 
(g) in two varieties of chickpea. 
In the present investigation the means for all the quantitative characters 
shifted in both the positive as well as in the negative direction. The mean 
shifted in positive direction for the characters like fertile branches per plant, 
pods per plant, 100-sced weight and total yield. 
Though increase in coefficient of variation (CV) of treated population 
was of low magnitude, yet it differed from character to character. The highest 
increase in CV over the control was recorded for number of seeds per pod. 
Moderate values of CV were observed for plant height, number of fertile 
branches per plant, 100-seed weight and total plant yield, whereas, the days to 
flowering, days to maturity and number of pods per plant gave lower velues of 
CV. 
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Table 11: Range, mean, shift in mean (X), standard deviation (S.D.) and 
coefficient of variation for days to flowering in variety, GNG-469 
and BG-256 of chick pea {Cicer arietinum L.). 
Treatment 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.0l%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
81-83 
79-81 
79-81 
77-80 
77-80 
78-80 
78-80 
77-80 
80-85 
76-79 
76-79 
75-78 
80-84 
79-81 
77-79 
77-79 
75-78 
75-78 
76-78 
76-78 
75-78 
77-80 
75-78 
75-78 
74-77 
76-78 
MeaniS.E. Shift in X 
Var. GNG-469 
81.76±0.12 
79.96±0.15 
79.8±0.15 
78.36±0.19 
78.33i0.20 
78.96±0.15 
78.76±0.16 
78.1±0.20 
82.53±0.28 
77.5±0.20 
77.43±0.21 
76.8±0.24 
82.23±0.26 
-
-1.8 
-1.96 
-3.4 
-3.43 
-2.8 
-3.00 
-3.66 
+0.7 
-4.25 
-4.33 
-4.96 
+0.47 
Var. BG-256 
79.7±0.12 
78.4±0.17 
78.33±0.19 
76,8310.20 
76.66±0.21 
76.93±0.15 
76.8±0.15 
76.16i0.21 
78.63±0.18 
76.33±0.20 
76.26±0.21 
75.53±0.21 
76.8±0.15 
-
-1.13 
-1.37 
-2.87 
-3.04 
-2.77 
-2.9 
-3.54 
-1.07 
-3.57 
-3.44 
-4.17 
-0.9 
S.D. 
0.71 
0.83 
0.83 
1.04 
1.10 
0.87 
0.88 
1.13 
1.56 
1.11 
1.17 
1.35 
1.47 
0.69 
0.98 
1.07 
1.12 
1.19 
0.85 
0.87 
1.15 
1.01 
1.13 
1.20 
1.20 
0.87 
CV (%) 
0.86 
1.03 
1.04 
1.32 
1.40 
1.10 
1.11 
1.44 
1.89 
1.43 
1.51 
1.75 
1.78 
0.86 
1.25 
1.36 
145 
1.55 
1.10 
1.13 
1.50 
1.28 
148 
1.57 
1.58 
1.13 
Tabic 12: Raiij;e, mean, shift in (X), standard deviation (S.D.) and coefficient of 
variation (CV) for plant height (cm) in varieties GNC;-469 and IJG-
256 of chick pea (Cicer arietinum L.). 
Treatment 
Control 
0.01% SA 
0.02% SA 
0.0.'?% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01 %MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
49-53 
45-52 
44-51 
43-50 
42-50 
46-52 
45-51 
44-51 
43-50 
47-53 
46-52 
45-51 
44-51 
47-51 
43-51 
42-50 
41-50 
40-49 
44-51 
43-51 
42-50 
41-50 
45-50 
44-50 
43-49 
42-^9 
MeaniS.E. 
Var. GN 
51.00±0.12 
48.49±0.30 
47.24.-t0.38 
46.50±0.39 
45.57±0.41 
49.44±0.23 
48.07±0.35 
47.42±0.35 
46.48±0.38 
49.70±0.23 
49.15±0.29 
48.15±0.30 
47.23±0.40 
Shift in X 
G-469 
-2.4! 
-3.76 
-4,5 
-5.43 
-1.56 
-2.93 
-3.58 
-4.52 
-1.3 
-1.55 
-2.85 
-3.77 
Var. BG-256 
48.76±0.17 
46.65±0.35 
45.20±0.41 
44.63±0.43 
43.6±0.45 
47.53±0.26 
46.22±0.39 
45.39±0.14 
44.65±0.46 
47.5U0.32 
47.08±0.29 
46.11±0.32 
45.17±0.34 
-
-2.11 
-3.65 
-4.13 
-5.16 
-1.23 
-2.54 
-3.37 
^.11 
-1.25 
-1.68 
-2.65 
-3.59 
S.I). 
0.71 
1.69 
2.11 
2.17 
2.29 
1.29 
1,95 
1.95 
2.10 
1.26 
1.61 
1.67 
1.82 
0.93 
1.96 
2.25 
2.39 
2.49 
1.44 
2.15 
2.27 
2.53 
1.27 
1.64 
1.76 
1.90 
CV (%) 
1.39 
3.74 
4.46 
4.66 
5.02 
2.60 
4,05 
4.11 
4.51 
1.39 
3.27 
3.46 
3.85 
1.90 
4.20 
4.97 
5.23 
5.71 
3.02 
4.65 
5.00 
5.66 
2.67 
3.48 
3.81 
4.20 
Table 13: Raii{»c, mean, sliilC in (X), standard deviation (S.D.) and coelTicient of 
variation (CV) for days to maturity in varieties GNG-469 and BG-256 
of chick pea {Cicer arietinum L.). 
Treatment 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.0l%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
141-143 
138-140 
138-140 
137-140 
137-140 
138-140 
138-141 
137-140 
140-144 
136-138 
136-139 
135-138 
140-143 
130-132 
128-130 
128-130 
127-129 
126-129 
127-129 
127-130 
126-129 
128-131 
126-129 
126-129 
125-128 
128-131 
MeaniS.E. Shift in X 
Var. GNG-469 
141.7±0.12 
139.33±0.14 
139.13±0.18 
138.73±0.19 
138.63±0.20 
139.23±0.15 
138.93±0.19 
137.96±0.20 
141.46 :^0.27 
I37.03±0.I5 
136.93±0.21 
136.33±0.19 
141.26±0.22 
-
-2.37 
-2.57 
-2.97 
-3.07 
-2.47 
-2.77 
-3.74 
-0.24 
-4.67 
-4.77 
-5.37 
-0.44 
Var. BG-256 
130.83±0.14 
129.03±0.14 
128.86±0.14 
128.1±0.15 
127.3±0.22 
127.83±0.14 
127.9±0.19 
127.03±0.19 
129.3±0.19 
127.36±0.19 
127.23±0.19 
126.9±0.19 
129.23±0.17 
-
-1.8 
-1.97 
-2.73 
-3.53 
-3.00 
-2.93 
-3.8 
-1.53 
-3.47 
-3.6 
-3.93 
-1.6 
S.D, 
0.69 
0.78 
1.02 
1.09 
1.13 
0.84 
1.06 
1.11 
1.49 
0.87 
1.15 
1.13 
1.23 
0.77 
0.79 
0.80 
0.86 
1.21 
0.77 
1.04 
1.07 
1.06 
1.07 
1.05 
1.07 
0.95 
CV (%) 
0.48 
0.55 
0.73 
0.78 
0.81 
0.60 
0.76 
0.80 
1.05 
0.63 
0.83 
0.82 
0.87 
0.58 
0.61 
0.62 
0.67 
0.95 
0.60 
0.81 
0.84 
0.81 
0.84 
0.82 
0.84 
0.73 
Table 14: Range, mean, shift in (X), standard deviation (S.D.) and coefficient of 
variation (CV) for fertile brandies per plant in varieties GNG-469 and 
BG-256 of chick pea {Cicer ariei'mum L.)-
Treatment 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.0I%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04^0 SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
21-23 
21-24 
21-24 
21-25 
21-23 
24-27 
24-26 
24-26 
22-25 
27-29 
26-28 
25-28 
25-27 
22-24 
23-25 
23-25 
22-25 
22-24 
24-26 
24-26 
23-25 
22-25 
24-27 
25-27 
25-27 
23-26 
MeaniS.E. Shift in X 
Var. GNG-469 
21.83±0.14 
23.06±0.19 
22.76±0.20 
22.4±0.26 
22.1±0.I5 
26.00±0.30 
25.13±0.14 
25.03±0.14 
23.9±0.19 
27.76±0.13 
26.86±0.14 
26.4±0.20 
26.06±0.I4 
-
+ 1.23 
+0.93 
+0.57 
+0.27 
+4.17 
+3.30 
+3.20 
+2.07 
+5.93 
+5.03 
+4.57 
+4.23 
Var. BG-256 
22.70±0.14 
24.13±0.15 
24.26±0.14 
24.00±0.18 
23.03±0.15 
24.83±0.15 
24.73±0.14 
24.43±0.12 
24.30±0.)7 
25.86±0.20 
26.10±0.14 
26.03±0.15 
25.10±0.19 
-
^1.43 
+ 1.56 
+1.30 
+0.33 
+2.13 
+2.03 
+ 1.73 
+ 1.60 
+3.16 
+3.40 
+3.33 
+2.40 
S.D. 
0.77 
1.06 
1.1! 
1.45 
0.83 
1.12 
0.80 
0.79 
1.07 
0.76 
0.80 
1.11 
0.81 
0.78 
0.84 
0.81 
1.03 
0.83 
0.85 
0.77 
0.71 
0.93 
1.11 
0.78 
0.83 
1.04 
CV (%) 
3.52 
4.59 
4.87 
6.47 
3.75 
4.30 
3.18 
3.15 
4.47 
2.73 
2.97 
4.20 
3.!0 
3.43 
3.48 
3.33 
4.29 
3.60 
3.42 
3.11 
2.90 
3.82 
4.29 
2.98 
3.18 
4.14 
Table 15: Range, mean, shift in (X), standard deviation (S.D.) and coefficient of 
variation (CV) for number of pods per plant in varieties GNG-469 and 
BG-256 of chick pea {Cicer arietimim L.). 
Treatment 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.0^ 1% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
89-92 
93-96 
92-96 
92-96 
9.195 
95-98 
94-97 
94-97 
94-96 
97-99 
97-99 
96-98 
95-98 
88-90 
92-94 
92-94 
92-95 
90-92 
92-94 
92-94 
91-94 
91-94 
93-96 
94-96 
93-96 
92-95 
MeaniS.E. Shift in X 
Var. GNG-469 
90.36±0.19 
94.80±0.19 
94.53±0.24 
94.40±0.23 
94.3010.14 
96.66±0.16 
95.76±0.19 
95.80±0.19 
95.06±0.14 
98.43±0.12 
97.90±0.15 
97.13±0.15 
96.70±0.20 
-
+4.44 
+4.17 
+4.04 
13.9.1 
+6.30 
+6.40 
+5.44 
+4.70 
+8.07 
+7.54 
+6.77 
+6.34 
Var. BG-256 
89.16±0.14 
92.70±0.14 
93.06±0.14 
92.96i0.19 
91.03±0.i4 
93.46±0.12 
93.40±0.12 
93.16±0.18 
93.10±0.I9 
94.50±0.19 
95.10±0.14 
94.86±0.19 
94.00±0.19 
-
+3.54 
+3.90 
+3.80 
+ 1.87 
+4.30 
+4.24 
+3.97 
i-3.94 
+5.34 
+5.94 
+5.70 
+4.84 
S.D. 
1.07 
1.04 
1,33 
1.28 
0.78 
0.90 
1.08 
1.04 
0.77 
0.71 
0.83 
0.84 
1.12 
0.81 
0.78 
0.77 
1.07 
0.79 
0.66 
0.71 
1.02 
1.04 
1.05 
0.78 
1.05 
1.06 
CV (%) 
1.18 
1.09 
1.40 
1.35 
0.82 
0.93 
1.12 
1.08 
0.81 
0.72 
0.84 
0.86 
1.15 
0.90 
0.84 
0.82 
1.15 
0.86 
0.70 
0.76 
1.09 
l.ll 
1.11 
0.82 
1.10 
1.12 
Table 16: Range, mean, shift in (X), standard deviation (S.D.) and coefficient of 
variation (CV) for number of seeds per pod in varieties GNG-469 and 
UG-256 of chick pea (Cicer arietlnum L.). 
Treatment 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
i5kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
i-2 
1-2 
1-3 
1-3 
1-2 
1-2 
1-3 
1-3 
1-2 
1-3 
1-3 
1-3 
1-2 
1-2 
1-2 
1-3 
1-2 
1-2 
1-2 
1-3 
1-2 
1-2 
1-2 
1-3 
1-3 
1-2 
MeaniS.E. Shift in X 
Var. GNG-469 
1.161:0.06 
1.23±0.07 
1.46±0.12 
1.33±0.11 
1.1310.00 
1.26±0.08 
1.60±0.14 
l.56±0.13 
1.23±0.07 
1.53±0.13 
1.76±0.15 
1.66±0.14 
1.30±0.08 
+0.07 
+0.30 
+0.17 
0,03 
+0.10 
+0.44 
+0.40 
+0.07 
+0.37 
+0.60 
+0.50 
+0.14 
Var. BG-256 
1.13±0.06 
1.16±0.06 
1.43±0.12 
1.20±0.07 
1.10±0.05 
1.26±0.08 
].53±0.]3 
1.36±0.08 
1.16±0.06 
1.36±0.08 
i.76±0.l6 
1.50±0.13 
1.23±0.07 
-
+0.03 
+0.30 
+0.07 
-0.03 
+0.13 
+0.40 
+0.23 
+0.03 
+0.23 
10.63 
+0.37 
+1.10 
S.D. 
0.37 
0.42 
0.71 
0.64 
0,33 
0.44 
0.80 
0.76 
0.42 
0.76 
0.84 
0.82 
0.45 
0.33 
0.37 
0.71 
0.40 
0.30 
0.44 
0.76 
0.48 
0.37 
0.48 
0.88 
0.76 
0.42 
CV (%) 
31.89 
34.14 
48.63 
48.12 
29.20 
34.92 
50.00 
48.71 
34.14 
49.67 
47.72 
49.39 
34.61 
29.20 
31.89 
49.65 
33.33 
27.27 
34.92 
49.67 
35.29 
31.89 
35.29 
50,00 
50.66 
34.14 
Tabic 17: Range, mean, shift in (X ), standard deviation (S.D.) and coefficient of 
variation (CV) for 100-seed weight (g) in varieties GNG-469 and BG-
256 of cluck pea (Cker arietinuin L.). 
Treatment 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.0-1% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
18.20-20.45 
18.30-20.90 
18.50-21.38 
18.40-21.65 
18.00 20.80 
18.40-21.90 
18.30-22.00 
18.00-20.66 
18.10-20.00 
18.50-23.20 
18.10-23.00 
18.30-22.80 
18.10-21.50 
16.70-18.50 
16.50-19.20 
16.80-19.50 
16.70-19.50 
16.70-19.00 
17.00-19.50 
17.20-19.80 
17.00-19.30 
16.00-19.30 
19.30-21.50 
18.80-21.00 
19.00-21.50 
16.20-18.00 
MeaniS.E. Shift in X 
Var. GNG-469 
19.41±0.14 
19.85±0.15 
20.15±0.20 
20.34±0.19 
19.6610.17 
20.21±0.23 
20.73±0.23 
19.7!±0.15 
19.29±0.13 
21.32±0.31 
21.79±0.27 
21.31±0.24 
20.06±0.21 
-
+0.44 
+0.74 
+0.93 
10.25 
+0.80 
+ 1.32 
+0.30 
-0.12 
+ 1.91 
+2.38 
+ 1.90 
+0.65 
Var. BG-256 
17.57±0.12 
18.20±0.15 
18.10±0.17 
18.42±0.16 
I7.89±0.14 
18.68±0.15 
18.93±0.16 
18.51±0.14 
17.83±0.21 
20.16±0.14 
19.83±0.14 
20.19±0.17 
17.33±0.11 
-
+0.63 
+0.53 
+0.85 
+0.32 
+1.12 
+1.36 
+0.94 
+0.26 
+2.59 
+2.26 
+2.62 
-0.24 
S.D. 
0.78 
0.85 
1.12 
1.08 
0.93 
1.30 
1.27 
0.87 
0.73 
1.75 
1.51 
1.34 
1.19 
0.67 
0.85 
0.94 
0.91 
0.82 
0.83 
0.88 
0.80 
1.18 
0.82 
0.80 
0.93 
0.65 
CV (%) 
4.01 
4.28 
5.55 
5.30 
4,73 
6.43 
6.12 
4.41 
3.78 
8.20 
6.92 
6.28 
5.93 
3.81 
4.67 
5.19 
4.94 
4.58 
4.44 
4.64 
4.32 
6.61 
4.06 
4.03 
4.60 
3.75 
Tabic 18: Range, mean, shift in (X), standard deviation (S.D.) and coefficient of 
variation (CV) for yield per plant in varieties GNG-469 and BG-256 of 
chick pea {Cicer arietlnum L.). 
Treatment 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Control 
0.01% SA 
0.02% SA 
0.03% SA 
0.04% SA 
Gamma rays 
5kR 
lOkR 
15kR 
20kR 
0.01%MMS 
0.02%MMS 
0.03%MMS 
0.04%MMS 
Range 
27.10-29.30 
28.00-31.50 
28.20-32.00 
28.20-32.00 
27.20-29.70 
27.80-31.70 
28.80-33.10 
27.30-30.00 
27.10-29.20 
30.10-33.50 
30.40-34.00 
29.80-33.30 
28.00-31.50 
25.20-27.50 
26.30-29.00 
26.00-28.90 
27.20-30.10 
25.70-28.60 
28.00-31.20 
28.20-31.50 
27.20-30.50 
25.50-28.40 
28.50-31.80 
28.40-31.80 
28.50-32.20 
25.10-27.00 
MeaniS.E. Shift in X 
Var. GNG-469 
28.25±0.14 
30.01±0.21 
30.29±0.22 
30.674:0.24 
28.80±0.14 
30.04±0.24 
30.99±0.27 
28.95±0.17 
28.22±0.14 
31.88±0.19 
32.25±0.23 
31.76±0.22 
29.99±0.21 
-
+\.16 
-t-2.04 
4-2.42 
+0.55 
-H.79 
-t-2.74 
+0.70 
-0.03 
+3.63 
+4.00 
+3.51 
+1.74 
Var. BG-256 
26.43±0.15 
27.88±0.16 
27.23±0.17 
28.60-10.20 
27.15±0.18 
29.95±0.19 
30.13±0.19 
28.96±0.21 
27.03±0.20 
30.23-10.21 
30.03l0.22 
30.3610.24 
26.1310.13 
-
+1.45 
+0.80 
+2.17 
+0.72 
+3.52 
+3.70 
+2.53 
+0.60 
+3.80 
+3.60 
+3.93 
-0.30 
S.D. 
0.80 
1.18 
1.24 
1.36 
0.81 
1.36 
1.50 
0.95 
0.77 
1.05 
1.31 
1.24 
1.20 
0.87 
0.92 
0.98 
1.10 
1.02 
1.05 
1.08 
1.18 
1.10 
1.18 
1.25 
1.32 
0.75 
CV (%) 
2.83 
3.93 
4.09 
4.43 
2.81 
4.52 
4.84 
3.28 
2.72 
3.29 
4.06 
3.90 
4.00 
3.29 
3.29 
3.59 
3.84 
3.75 
3.50 
3.58 
4.07 
4.06 
3.90 
4.16 
4.34 
2.87 
EXPLANATION OF FIGURES 
Figs. 1-48 (all x lOOO): Types of chromosomal 
abnormalities induced by SA, Gamma rays and MMS 
treatments in chickpea (Cicer arieiinum L.). 
Plate I 
Fig. 1 PMC showing 8 bivaients at metapiiase-I (Control). 
Fig.2 PMC showing 8:8 segregation at anaphase-I. 
Fig.3 PMC showing formation two nuclei at telophase-1. 
Figs.4&5 PMCs showing 16 univalents. 
Fig.6 PMC showing 1 '^+4"+4' at metaphase-I. 
Fig.7 PMC showing 3"'+2"+3' at metaphase-I. 
Fig.8 PMC showing 1 "'+2"+9' at metaphase-1. 
Fig.9 PMC showing 1 '^ '+1 "'-i-2"+5' at metaphase-I. 
Fig. 10 PMC showing precocious separation of chromosomes at metaphase-I. 
Fig. 11 PMC showing formation of multivalents and univalents at metaphase-I. 
Fig. 12 PMC showing l^'+l'^+l"+4' at metaphase-I. 
PLATE I 
Plate II 
Fig. 13 PMC showing l'^-l"'+3"+3' at metaphase-I. 
Fig. 14 PMC showing chain of multivalents and univalents at metaphase-I. 
Fig. 15 PMC showing l^+3"'+l" at metaphase-I. 
Fig. 16 PMC showing 4"'+2" at metaphase-I. 
Fig. 17 PMC showing clumping of all chromosomes into two groups at 
metaphase-I. 
Figs. 18, 19, PMCs showing stickiness of chromosomes at metaphase-I. 
20&21 
Figs.22&23 PMCs showing stickiness of chromosome at metaphase-II. 
Fig.24 PMC showing clumping of chromosomes into lour groups at 
metaphase-1. 
PLATE II 
Plate III 
Figs.25, PMCs showing cytomixis at different stages. 
26&27 
Fii.,,s28 PMCs showing bridge formation at anaphase-I. 
&29 
Figs.30, PMCs showing laggards at anaphase-I. 
31, 32 & 
33 
Fig.34 PMC showing unequal segregation of chromosomes at anaphase-I. 
Figs. 35 PMC showing clumping of chromosomes at anaphase-I. 
&36 
PLATE III 
Plate IV 
Fig.37 PMC showing Iriiuiclcalc condilioii al Iclophasc-I. 
Figs.38, PMCs showing micronuclei at telophase-11. 
39, 40 & 
41 
Figs.42 PMCs showing multinucleate condition at tclophasc-11. 
&43 
Figs.44 PMC showing several micronuclei at telophase-II. 
Figs.45 PMCs showing disturbed polarity at telophase-II. 
&46 
Fig.47 Two PMCs showing cytomixis at clumped metaphase-I and one 
chromosome in the process of migration. 
Fig.48 Two PMCs at telophase-II showing cytomixis and migration of 
nuclei from one cell to other. 
PLATE IV 
EXPLANATION OF FIGURES 
Figs. 49-73 (all x lOOO): Different types of variants 
isolated from treated populations of chickpea {Cicer 
arietinwn L.). 
Plate V 
Fig.49 Control plant of var. BG-256. 
Fig.50 Tall plant isolated at 0.02% MMS (var, BG-256). 
I'ig.51 Scnjidwarf variant isolated al 15kR y-rays (var. (iN(i-469). 
Fig.52 Dwarf variant isolated at 0.04% MMS (var. BG-256). 
PLATE V 
Plate VI 
Fii;.53 Variant showing bushy growth habit was found at 0.03% MMS 
(var. BG-256). 
Fig.54 Non-Howcring vegetative variant was Ibund at 20 1\R y^ys (var. 
GNG-469). 
Fig.55 Prostrate variant showing traiHng growth habit was found at 0.02% 
MMS (var. BG-256). 
PLATE VI 
Plate VII 
Fig.56 a) Leafofvar.BG-256 (Control). 
b) Narrow leaved variant isolated at lOkr y-rays (var. GNG-
469). 
c) Broad leaved variant isolated at 0.02% MMS (var. BG-256). 
Fig.57 a) Branches of control plant (var. BG-256). 
b) Variant showing axillary branches was found at 0.03% MMS 
(var. BG-256). 
Fig.58 Variant showing elongated internode was obtained at 0.01% MMS 
(var. GNG-469). 
PLATE VII 
Plate VIII 
Fig.59 a) Flower ofvar.BG-256 (Control). 
b) Flower with reduced pedicel obtained at lOkR y-rays (var. 
GNG-469). 
c) Flower with elongated pedicel obtained at 0.02% MMS (var. 
BG-256). 
Fig.60 a) Branchof control plant showing single pod (var. BG-256). 
b) Double poded variant obtained at 0.03% MMS (var. BG-
256). 
Fig.61 a) Pod showing single seed in var. GNG-469 (Control). 
b) Variant showing two seeds per pod was fount at 15kR y-rays 
(var. GNG-256) 
c) Variant showing three seeds per pod was found at 0.02% 
MMS (var. BG-256). 
PLATE VIII 
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Plate IX 
Fig.62 Control plant showing lesser number of fertile branches and pods 
(var. GNG-469). 
Figs.63, Variants showing large number of fertile branches with pods at 5kR 
64 & 65 y-rays, 0.01% MMS and 0.02% MMS respectively (var. GNG-469). 
PLATE IX 
Plate X 
Fig.66 Control plant showing lesser number of fertile branches and pods 
(var. BG-256). 
Figs.67, Variants showing vigorous growth and large number of fertile 
68 & 69 branches with pods at 5kR y-rays, lOkR y-rays and 0.02% MMS 
respectively (var. BG-256). 
PLATE X 
xN -L.- -JI- \»->-•"**« 
Plate XI 
Fig.70 a) Pods of control plant (var.BG-256). 
b) Bold pods of giant variant obtained at 0.02% SA (var. BG-
256). 
Fig.71 a) Seeds of control plant (var. BG-256). 
b) Bold seeds of giant variant obtained at 0.02% SA (var. BG-
256). 
Fig.72 a) Pods ofcontrol plant (var. GNG-469). 
b) Bold pods of giant variant obtained at 0.01% MMS (var. 
GNG-469). 
rig.73 a) Seeds ofcontrol plant (var. GNG-469). 
b) Bold seeds of giant variant obtained at 0.01% MMS (var. 
GNG-469). 
PLATE XI 

CHAPTER - V 
DISCUSSION 
Genetic improvement for higiier production and better quality of crop plants 
has remained pivotal to agriculture. The main and basic component involved in 
this activity is the creation of genetic variability. Induced mutagenesis finds a 
prominent place in the augmentation of genetic variability which was lost due 
to rigid selection or narrow base of germpiasm of a crop plant under 
improvement. The potentiality of mutations for this purpose however, depends 
upon the efficiency of induction of mutation to be aimed at, efficiency of 
screening of the mutants and in the nature of induced mutation (Siddiqui and 
Yousufzai, 1988). The enhancement of mutation frequency and spectrum in a 
predictable way remain the all important aspects of mutagenesis. To ensure a 
speedy generation of variability for a specific trait to be improved, a mutation 
breeder has to go through all basic events met in the methodology to ensure a 
reliable information about the mutagenic sensitivity of biological material and 
the event of effectiveness and efficiency of a mutagen in question. Mutagens 
differ in their mode of action, effectiveness, efficiency and the frequency and 
spectrum of mutations induced. Similarly genotypes even at varietal level show 
differential sensitivity towards mutagens. 
Numerous mutant varieties through induced mutation have developed 
significant economic impact, sustaining crop production and greatly 
contributing to increase of food production. More than 2300 new crop varieties, 
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all carrying novel induced variation have been officially registered (IAEA, 
2004). 
The present investigation was planned to estimate the extent of induced 
genetic variability in various traits i.e., days to flowering, plant height, days to 
maturity, number of fertile branches per plant, number of pods per plant, 
number of seeds per pod, 100-seed weight and total yield per plant in separate 
applications of sodium azide (SA), gamma rays and methylmethane sulphonate 
(MMS). The effect of mutagens was also studied on seed germination, seedling 
height, plant survival at maturity and pollen fertility in the treated population of 
the two varieties of chickpea viz., var. GNG-469 and var. BG-256. The detailed 
chromosomal analysis was made in Mi generation of both the varieties. The 
observations made during the course of present investigation have been 
discussed in this chapter. 
5.1 BIOLOGICAL DAMAGE 
Seed germination, seedling height and pollen fertility decreased with the 
increase in mutagenic treatments in the present investigation. However, the 
extent of decrease differed in both the varieties treated with different 
concentrations of the mutagens. In general, MMS was found to be more 
effective than y-rays and SA treatments. Based on the extent of damage it was 
found that var. BG-256 was more sensitive than var. GNG-469. 
The adverse effects of physical and chemical mutagens on various 
biological parameters have been reported by many workers (Subba Rao, 1988; 
Mehetre et ciL, 1990; Ravikesavan et al, 1995; Kumar and Mani, 1997; Kumar 
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and Dubey 1998a, 1998b; Barshile et ai, 2006). Most of these workers have 
reported a dose dependent reduction in various biological parameters. 
Several workers have attempted to explain the causes responsible for 
inhibition of seed germination. Kleinhofs et ai (1978) in barley reported delay 
in the initiation of metaboHsm follov/ing germination which in turn resulted in 
a uniform delay in mitotic activity, seedling growth and ATP and DNA 
synthesis. Reduction in seed germination in mutagenic treatment has been 
explained due to delay or inliibition in physiological and biological processes 
necessary for seed germination which include enzyme activit)' (Kurbone et al, 
1979), hormonal imbalance (Chrispeeds and Vamer, 1976) and inhibition of 
mitotic process (Ananthaswamy et al, 1971). 
Inhibition of seedling growth after treatment of seeds is a convenient 
technique for studying effects of physical and chemical mutagens in plants. 
Different reports are available to explain the reduction in seedling growth. Gray 
and Scholes (1951) and Lea (1955) suggested that it could be due to genetic 
injury in merislemalic cells. The badly damaged cells would produce only a 
few cell progeny and growth will recur from those cells which are least 
damaged genetically. Thoday (1951) and Evans and Sparrow (1961) opined 
that the chromosomal damage and /or inliibition of cell division were the chief 
causes of reduced growth, whereas, Goud and Nayar (1970) demonstrated that 
the depression in seedling growth may be due to inhibition of auxin synthesis. 
Another group of workers believed that inhibition of seedling growth 
may be due to slow rate of cell division, decreased amylase activity and 
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increased peroxidase activities (Rao, 1980; Rao and Rao, 1983; Subba Rao, 
1988). Decrease in the amylase activity may alTect hydrolysis of starch into 
sugars needed for proper growth of the seedling (Rao and Rao, 1983). Rao 
(1980) in guar and okra and Rao and Rao (1982) in guar. 
Whatever may be the cause of reduced seedling growth, the fact remains 
thai chromosomes which carry N'arious genes responsible lor life processes and 
expression are one of the most sensitive organs in the cell, and damage to any 
part of these vital and tiny organs is bound to go a long way to bring about 
various physiological and metabolic disorders which in turn will bring about 
several morphological and growth abnormalities in the plant or plant organs. 
The survival of plants decreased appreciably in the mutagenic treatments 
in both the varieties of chickpea, however, there was no direct relationship 
between the concentrations of mutagens and the survival, Swaminathan et al. 
(1962), while working with bread wheat, reported no change in survival 
percentage after EMS treatments and so was done by Dubey (1973) and Khan 
(1990). However, decrease in the rate of survival of plants with an increase in 
the doses of physical and chemical mutagens has been reported by Jayabalan 
and Rao (1987a) in Lycopersicon esculenlum, Sudhakaran (1967) in Vinca 
rosea and Kumar and Dubey (1998a,b) in Lathyrus sativus. Decrease in 
seedling survival may be attributed to the series of events occurring at the 
cellular level which affect the vital macromolecules and bring about a 
physiological imbalance in the cells as a consequence of exposure to ionizing 
radiations and chemical mutagens. 
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Pollen sterility was Ibund to increase with an increase in dose/treatment. 
Many plants with very high pollen sterility were recorded at higher dose 
treatments. It is suggested that failure of homologous paiiing during meiosis 
could be the reason of high pollen sterility. Ramesh and Reddi (2002) 
suggested that mutagen induced pollen sterility could be chromosomal, genie 
or physiological in nature, while Sharnia el al. (2004) attributed it mainly due 
to chromosomal aberrations. 
The variety BG-256 comparatively showed more biological damage 
than variety GNG-469, showing greater mutagenic sensitivity, similar varietal 
differences with respect to mutagen sensitivity has been reported in black gram 
(Khan, 1999); Triticale (Edwin and Reddy, 1993); Phaseolus vulgaris (Al-
Rubeai and Godward, 1981). It appears that even a single gene difference many 
induce significant changes in radiosensitivity. The mechanism controlling 
sensitivity to chemical mutagens and X-rays have bee reported to be different 
from those determining sensitivity to gamma rays (Sokolav and Balchunene, 
1977). 
Leaf shape is an important characteristic which finally governs the plant 
form Most of the treatments of SA, gamma rays and MMS induced variation 
in leaf shape. The frequency of such abnormal leaves was maximum in MMS 
treatments followed by y-rays and SA. Blixt (1972) reported that leaf 
aberrations seemed to be closely related to the actual mutation process. The 
altered metabolism as a result of cellular damage may also be one of the 
reasons for leaf abnormalities. Charan (1992), Smith and Hake (1992) and 
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Kumar et al. (1999) reported leaf mutants in various crop plants. An interesting 
feature observed in the present investigation was the induction of narrow and 
broad leaves with altered shape. These mutants showed moderate yield and 
exhibited late maturity. 
5.2 CYTOLOGICAL ANALYSIS 
Cytological analysis with respect to either mitotic or meiotic behaviour 
is considered to be one of the dependable indices to estimate the potency of 
mutagen. Therefore, investigations on disturbances in meiotic behaviour 
indicating mutational genetic load form an integral part of most of the mutation 
studies. It also provides a considerable clue to assess sensitivity of plants for 
differonl mutagens, and to ascertain the most effective mutagen for a given 
crop to realize maximum results. 
A number of chromosomal abnormalities were recorded in the plants 
raised from seeds treated with varying concentration/doses of SA, gamma rays 
and MMS. The abnormalities increased with an increase in the 
dose/concentration of the mutagens. Similar results have been reported by Anis 
and Wani (1997) in Trigonella foemim-graecum; Verma et al. (1999) in Lens 
culinaris; Zeerak (1991) in Solarium melongena; Dhamyanthi and Reddy 
(2000) in Capsicum annum and Singh (2003) in Vigna radiata. 
The frequency of univalents ranged from 1-5 per PMC and these were 
later found as laggards at anaphase and telophase stages. The univalents were 
also reported by Saha and Datta (2002) in Nigella sativa, Kumar et al. (2003) 
in Lens culinaris, Sengupta and Datta (2003) in Sesamum indicum, Ganai el al. 
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(2005) in chickpea. It seems more likely that mutagenic treatments induced 
univalent formation thi'ough cryptic structural changes in some of the 
chromosomes which restricted pairing and in this way reduce chiasma 
frequency. Rao and Laxmi (1980) attributed univalent formation to the partial 
and complete lack of homologous chromosome pairing. Further, the 
disturbances in the pairing mechanism was ascribed to the presence of 
chromosome breakage in the PMCs of plants raised from treated seeds. Some 
of the univalents disjuncted early and presumably this happened due to genie 
differences. Such chromosomal divergences in the form of precocious 
movement is pointed towards structural differentiation of homologous pair 
(Anis and Wani, 1997). Mitra and Bhowmik (1996) reported that non pairing 
and early separation of chromosomes at meiosis may result in the formation of 
univalents. The chromosomes may fail to pair because of the alteration of 
linearity of genes in them due to translocation and inversion induced by 
mutagenic treatments so that at early prophase homologous chromosomes do 
not lie down side by side. 
Different types of multivalent associations (tri, tetra, penta, hexa and 
chain of bivalents) as observed in the present investigation have also been 
reported in various plants like barley (Kumar and Singh, 2003) and chickpea 
(Ganai et al, 2005). Alterations in the chromosome associations which 
composed of uni, tri, tetra and multivalents were possibly the outcome of non 
or irregular pairing of chromosomes due to Iranslocations (Katiyar, 1978). 
According to Prasad (1965) and Sinha (1967) the formation of multivalents 
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was the possible outcome of exchange between non-homologous chromosomes 
due to translocations. Chaghtai and Hasan (1979) reported the occurrence of 
multivalents with the increasing concentrations of EMS, MES and MMS in 
Lens culinaris and suggested that translocations may have been produced due 
to terminal affinities of chromosomes. Some times separation of two 
chromosomes in certain bivalcnls lagged behind the others and the late 
separating chromosomes failed to reach the poles and get included in the 
daughter nuclei. In still other cases, the spindle formation mechanism failed 
completely and as a result all the bivalents were found scattered throughout the 
spindle. 
Stickiness of ciiromosomes was the most common abnormality observed 
in the present investigation. Chromosomes were found clumped into one, two 
or many groups at metaphase due to stickiness and did not show normal 
disjunction. These results are in agreement with Tarar and Dnyansagar (1980a), 
Mitra and Bhowmik (1996), Kumar et al (2003), Ganai el al. (2005), who also 
reported stickiness as the most common abnormality and the grouping of 
different bivalents due to their stickiness. 
Stickiness could be due to depolymerisation of nucleic acid caused by 
mutagenic treatment or due to partial dissociation of the nucleoproteins and 
alteration in their pattern of organization (Evans, 1962), Jayabalan and Rao 
(1987b) suggested that stickiness might be due to disturbances in the 
cytochemically balanced reactions. Gaulden (1987) attributed chemically 
induced stickiness to direct action of mutagen on the histone proteins leading to 
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improper folding of DNA. Mutagen indueed slruetural ehanges in 
chromosomes and gene mutations might be responsible for the failure of 
pairing among homologous chromosomes and hence the presence of 
univalents. In the present study, SA, gamma rays and MMS seems to be 
responsible for induced stickiness, perhaps the target proteins in this case are 
those responsible for chromosome condensation during active divisional stages. 
Their defective functioning, which may be due to gene mutation or direct 
action of the mutagen on the proteins, caused a disturbance in the 
chromosomes during the course of their condensation from prophase-I to 
metaphase-I, probably this was the main reason that the stickiness was 
predominant from metaphase-I onwards. However, it seems most probable that 
some kind of a gene mutation leads to incorrect coding of some non-histone 
proteins involved in chromosome organization. When affected these proteins 
lead to chromosome clumping. 
Precocious movement of cliromosomes at metaphase-I was one of the 
dominant abnormality in all the treatment doses. Roy et ah (1971) in Citcumis 
sativus and Wani (2000) in chickpea also observed precocious separation of 
one or more bivalents at metaphase-I. It is probably caused by spindle 
disfunction. 
The frequency and intensity of cytomixis depend on the nature of 
connection between the adjacent cells. Two types of connections between 
pollen mother cells were observed i.e., cytoplasmic channels and direct fusion. 
Cytomixis through cytoplasmic channels was observed at various stages of cell 
64 
division and mostly PMCs were connected with single cytoplasmic channel. 
Multiple cytoplasmic channels were also found between pollen mother cells but 
in low frequency. The direct fusion of pollen mother cells was observed at 
various stages of cell division and frequency of cells showing cytomixis 
through this method was more at first part of meiotic division. Some PMCs 
were found to have cytoplasmic channel with one PMC and direct fusion with 
other. 
Cytomixis has been reported to occur mainly during prophase-I, where 
the cellulose wall that sun-ounds the microsporocyte is not yet fully formed. 
The probable causes of cytomixis are fixation effects (Haroun, 1995; Heslop-
Harrison, 1996), pathological conditions (Bobak and Herich, 1978) and 
changes in gene control (Omara, 1976). The process is considered to be a 
source of production of aneuploid and polyploid gametes (Koul, 1990; Yen et 
al, 1993). Cytomixis between and among different stages of meiosis was also 
reported by Maria dcsouza and Pagliarini (1997) in Kapc-scod and Consolaro 
and Pagliarini (1995) in Centella asiatica. 
Laggards may be explained on the basis of abnormal spindle formation 
and chromosomal breakage. The laggards observed during the present study 
might be due to delayed lerminalization, stickiness of chromosome ends or 
because of failure of chromosomal movement (Permjit and Grover, 1985; 
Jayabalan and Rao, 1987b; Soheir et al. 1989). Schulz-Shaeffer (1980) 
concluded that lagging chi^ omosomes and their presence as univalents may 
result in aneuploidy. According to Bhattacharjee (1953), acentric fragments or 
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laggards may result in the formation of micronuclei at telophase-II and 
ultimately variation in number and size of pollen grains resulting from a mother 
cell. 
Bridges with or without fragments at anaphase stages were frequently 
observed in the present investigation. Similar bridges are reported by many 
workers alter irradiation or chemical treatments (Ahmad, 1993). Saylor and 
Smith (1966) suggested that the formation of chromatin bridges might be due 
to the failure of chiasmata to terminalise in a bivalent and the chromosomes get 
stretched between the poles. Bhattacherjee (1953) attributed bridge formation 
to interlocking of bivalent chromosomes and Sinha and Godward (1972) to 
paracentric inversions. The occurrence of breaks at the same locus and their 
lateral fusion leads to the formation of dicentric chromosome which is pulled 
equally to both the poles forming a bridge (Anis et al, 1998). Bridges often 
break as the dyads move further apart in the late anaphase, sometimes leaving 
an acentric fragment in the cytoplasm. The fragments are seen during meiosis-
II as micronuclei which do not condense along with remaining chromosomes. 
The presence of chromosome bridges without iragments may be due to 
restitution or the fragments getting entangled or attached with normal 
chromatids of chromosomes (Tarar and Dnyansagar, 1980). Moreover, PMCs 
with a single bridge without acentric fragment at anaphase-I is formed by two 
sister clironiatids of a broken chromosome which has undergone fusion during 
interphase at the time of duplication (Mc Clintock, 1938). 
66 
In the present study, bridge formation can be attributed to the general 
stickiness of chromosomes at metaphase stage or brealcagc and reunion of 
chromosomes. The present findings are in agreement with the earlier results of 
Jayabalan and Rao (1987b) in tomato and Mitra and Bhowmik (1996) in 
Nigclki sativa. 
Movement of bivalents towards poles at anaphase due to non-disjunction 
of homologous chromosomes at metaphase as observed during the present 
study was due to the stickiness of chromosomes and could result in unequal 
distribution of chromosomes in the daughter nuclei (Anis and Wani, 1997). 
Abnormalities such as lagging chromosomes and unequal separation of 
chromosomes especially the last one would lead to the prodtiction of aneuploid 
gametes. Such plants (aneuploids) are of immense importance in fundamental 
as well as applied research in crop improvement. It may be noted that in the 
case of unequal separation at anaphase-I, the most frequent separation is 9:7 
chromosomes. A functional gamete with 9 chromosomes will produce a 
trisomic upon union with a normal gamete. Mitra and Bhomik (1996) reported 
that unequal separation of chromosomes was caused by spindle irregularities. 
Micronuclei generally arise from fragments and lagging chromosomes 
which failed to reach the poles and get included in the daughter nuclei (Kumar 
and Dubey, 1998b). La.xmi el al. (1975) suggested that irregular distribution of 
acentric fragments or laggards results in the formation of micronuclei at 
telophase resulting in variation in number and size of pollen grains obtained 
from the pollen mother cell. Micronuclei at dyad or tetrad stage of PMCs in 
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mutagen treated population might have resulted due to non-orientation of 
chromosomes and laggards since they were of frequent occurrence. 
Micronuclei lead to the loss of genetic material. Their presence, therefore, 
suggests that the resultant product of meiotic division is deficient in one or the 
other chromosome. This usually leads to the formation of sterile pollen grains. 
Mulliiuicleatc condition may be explained lo a puriicular genolypic change 
suppressing the organizing capacity of nucleolar chromosome and inducing the 
formation of adventitious nuclei. 
Disturbed polarit)/ at anaphase and telophase stage could be due to 
spindle disturbance. Disturbed polarity was also reported by Wani (2000) in 
chickpea and Sharma et al. (2004) in chickpea. 
It has 'been a general trend that gamma rays are more effective than 
chemical mutagens in causing chromosomal abnormalities. However, in the 
present study, the frequency of aberrations was greater in MMS treatments as 
compared to other treatments. It is therefore, concluded that MMS too is able to 
induce sufficient amount of meiotic abnormalities. 
5.3 MORPHOLOGICAL VARUTIONS 
Present study proved fruitful in inducing a wide range morphological 
variations. Although most of them proved uneconomical, nevertheless some 
variants recorded in the present investigation can be used as a source of many 
beneficial genes, in cross breeding programmes or for the improvement of 
some traits like yield. In the present investigation the morphological variation 
affecting different plant parts were isolated on the screening of Mi population 
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and included changes for plant height (Tall dwarf, semidwarl) growth habit 
(prostrate, bushy, nonflowering vegetative), leaf morphology (narrow, broad, 
axillary branches, elongated internodes), llowers (reduced and elongated 
pedicel), pod and seed size (Double pod, bold pod, double and triple seeded 
pod, bold seeds) and yield (increased number of braches and pods). The 
frequency and spectrum of morphological variants was relatively wide in MMS 
treatments followed by y-rays and SA. Such variant types were found to be 
under the influence of polygens (Marghitu, 1972; Shakoor, et al., 1978; Reddy 
and Gupta, 1988). Some induced variants in the present study show desirable 
economic characters from a breeder point of view improved types may be 
screened from their progenies in latter generations. 
Morphological variants isolated in the present investigation differed not 
only in the two varieties of chickpea but also within variety in different 
mutagenic treatments, suggesting that the varieties responded differently to the 
dose and type of mutagens employed. Based on the frequency of morphological 
variations var. BG-256 was proved to be the most sensitive variety, while var. 
GNG-469 was comparatively less sensitive. In both varieties, MMS produced 
maximum morphological variations followed by y-rays and SA. The 
effectiveness of alkylating agents to induce the highest frequency of 
morphological mutations has been demonstrated by several workers (Tripathi 
and Dubey 1992, Rao and Reddy 1993, Vandana et al., 1994, Sharma and 
Kumar 2003). Some of the morphological variations such as plant height, leaf 
morphology, pod and seed characters, appeared more frequently than growth 
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habit, tlower character and yield. The more frequency induction of certain 
variation types by a particular mutagen may be attributed to the fact that genes 
controlling these characters may be more expensive to different mutagens with 
different modes of action (Solanki and Sharma 1999 and Singh et al., 2000). 
Nilan (1967) concluded that different mutagens and treatment 
procedures may also change the relative proportion of different mutation types. 
The most striking type of plant variants include "tall", "dwarfs" and 
"semidwarfs". Some of these variants correspond very closely with the kind of 
ideotype one would like to see in chickpea (Bahl and Jain, 1977) and appear 
promising for commercial cultivation. Bold seeded variants obtained in the 
present study may be tested for its behavior in the next generations and the 
promising lines may be selected from yield point of view. The narrow leaved 
variants allows light to penetrate the crop canopy and could be useful in future 
in designing a physiologically efficient plant type in chickpea. 
5.4 QUANTITATIVE TRAITS 
The practical utility of induced mutations for polygenic traits is well 
established, since most of the economic characters in crop species are 
quantitatively inherited. Mutagenesis has provided a handy tool to enhance the 
natural mutational rate and thereby enlarging the genetic variability and 
increasing the scope for obtaining the desired selections particularly induction 
of micromutations in polygenic system, controlling the quantitative characters 
are important for crop improvement. This is well established that ionizing 
radiations and certain chemicals can successfully induce mutations for 
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polygenic traits in various crops (Swaminathan, 1969; Blixit and Gottschalk 
1975, Kaul 1977, Farooq and Nizam 1979b, Kharkwal 1983, Kaul and Kumar 
1983). 
Studies in various quantitative characters in Mi generation have revealed 
that significant changes may be caused in different polygenic traits. The 
mutagenic effect of various doses of SA, y-rays and MMS were observed on 
plant height, days to flowering, days to maturity, fertile branches per plant, 
pods per plant, seeds per pod, 100-seed weight and total plant yield. The 
variations in the mean values of above quantitative traits and reduction in 
flowering and maturity period are the common feature of mutagenic treatments 
in the present investigation. These results arc contradictory with the earlier 
reports of various workers (Nerker 1970, Sarkar and Sharma 1987, Kumar and 
Dubey 1994, 1998). 
In the present investigation, plant height showed marked variation in the 
treated population. SA was found to cause a prominent reduction in plant 
height in both the varieties as compared to y-rays and MMS. Ismail ci al. 
(1997) reported a slight increase in plant height with lower concentration of 
EMS in broad bean. Lai (1975) reported moderate to substantial change in the 
height of the plants in rice {Oryza sativa L.) followings gamma rays treatment. 
The decrease in plant height may be due to uneven damage of the 
meristematic cells as a consequence of genetic injuries, change in 
chromosomes and inhibition of cell division. Sparrow (1953) had concluded 
that growth takes place due to increase in cell elongation and inhibition or 
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impaired mitosis could be tiie reasons for reduced growtii. Since shoot growth 
is due to cell elongation, whereas root growth depends on cell division (Sinha 
and Godward 1972), therefore, the reduction in growth of the plant might have 
occurred due to inhibitory effect of SA, y-rays and MMS on growth regulating. 
Substances responsible for cell division and cell elongation. 
Tarar and Dnyansagar (1980b) reported that decrease in plant growth 
may be due to reduction in auxin synthesis. 
In the present investigation, there was a significant increase in number 
of fertile branches per plant, pods per plant and total plant yield at lower doses 
of the mutagens. Singh and Chaturvedi (1982) also reported large number of 
pods per plant in pusa baisakhi and isolated 5-8 varieties from 40kR ganmia 
irradiated seeds. The possible cause of increased number of fertile branches per 
plant, number of pods per plant and total plant yield in the present investigation 
may be due to gene mutations and chromosomal aberrations. 
Swaminathan (1969) and Singh and Chaturvedi (1982) reported thai 
higher number of flowers and fertile branches per plant have positive response 
with respect to yield of a crop. In the present investigation, increase in the 
number of fertile branches and flowers per plant had a positive correlation with 
the number of pods per plant and consequently the total seed yield per plant. 
The number of seeds per pod and the 100-seed weight indicated that there was 
an appreciable increase in these traits with SA, y-rays and MMS treatments. 
Increase in yield in chickpea with the application of chemical mutagens have 
been reported by Kharkwal (2001). 
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Sable et ul. (2002) reported that number of fertile branches per plant and 
number of pods per plant had positive effect on seed yield in chickpea and thus 
they formed the major yield component factors and these may be considered 
for varietal improvement. The results are also in conformity with those of 
Sarvalia and Goyal (1994) and Kumar et cil. (1999); Khorgade et al. (1995); 
Khcdar and Maloo (1999) and Kumar et al. (2001) who also observed a 
significant positive correlation among fertile branches per plant, pods per plant 
and total seed yield in chickpea. 
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Chapter-VI 
CHAPTER-VI 
SUMMARY AND CONCLUSION 
The present investigation was carried out to study the mutagenic effects 
of sodium azide (SA), gamma rays (y-rays) and methylmethane sulphonate 
(MMS) on cytomorphological characters of chickpea {Cicer arietinum L.) 
varieties GNG-469 and BG-256. 
The main objectives were: 
1. To study the effect of different mutagenic treatments on various 
biological parameters in Mi generation. 
2. To investigate the meiotic behaviour of chromosomes after treatments 
with physical and chemical mutagens. 
3. To test the effectiveness of chemical and physical mutagens for the 
induction of quantitative variability in chickpea. 
4. To study the differential response of two varieties (GNG-469 and BG-
256) to SA, y-rays and MMS treatments. 
The effects of SA, y-rays and MMS on seed germination, seedling 
height and pollen fertility showed a dose dependent reduction. However, no 
dose dependent relationship was observed for plant survival. Methylmethane 
sulphonate (MMS) showed maximum inhibitory effect on various biological 
parameters of both the varieties as compared to gamma rays (y-rays) and 
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Sodium azide (SA). Van BG-256 was found to be more sensitive to the 
mutagenic treatments than the var. GNG-469. 
The meiotic chromosomal aberrations studied in pollen mother cells 
showed a dose dependent increase in both the varieties. The various 
chromosomal aberrations induced by SA, y-rays and MMS were univalents, 
multivalents, stickiness, precocious separation, cytomixis, bridges, laggards, 
unequal separation, disturbed polarity, multinucleate condition and 
micronuclei. The frequency of chromosomal anomalies was more at metaphase 
as compared to anaphase and telophase stages. MMS caused maximum 
abnormalities in both the varieties as compared to y-rays and SA. Var. BG-256 
appeared to be more sensitive to mutagenic treatments. 
Various types of morphological variants with alterations in plant height, 
grov*4h habit, leaf morphology, flower, pod, seed and yield were isolated and 
characterized in both the varieties of chickpea (GNG-469 and BG-256). The 
frequency of morphological variations was maximum in MMS treatments 
followed by y-rays and SA in both the varieties. The spectrum of induced 
variants was wider in the var. BG-256 than the var. GNG-469. 
Attempts were made to ascertain the effects of the mutagenic treatments 
on mean and the coefficient of variation (CV%) in Mi generation. The induced 
variability was studied for eight quantitative traits namely days to flowering, 
plant height, days to maturity, fertile branches per plant, pods per plant, seeds 
per pod, lOO-seed weight and total seed yield per plant. The mean shifted in 
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both, positive as well as negative direction, its stretch being more towards the 
negative side for days to flowering, plant height and days to maturity. 
However, the mean values for the yield and its components increased in most 
of the mutagenic treatments. 
Out of the two varieties in the present investigation, var. BG-256 was 
found to be more sensitive to the mutagenic treatments than the var. GNG-469. 
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